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LETTER OF TRANSMITTAL. 



Department of the Interior, 
XTnited States Geological Survey, 

Division of Hydrography, 

Washington, March S, 1S97. 

Sir: I have the honor to transmit herewith a paper entitled *' Irri- 
gation Practice on the Great Plains," by Prof. E. I^. C-owgill, and to 
recommend that it be published in the series of papers upon water 
supply and irrigation. Professor Cowgill's experience as a practical 
farmer and irrigator and as the editor of an agricultural paper renders 
his observations upon irrigation practice of especial value in discus- 
sions of the methods of utilizing the water resources of semiarid areas. 
Very respectfully, 

F. II. Newell, 
Hydrographer in Charge, 
lion, Charles D. Walcott, 

Director United States Geological Survey, 



IRRIGATION PRACTICE ON THE GREAT PLAINS. 



By K. B. Cowuill. 



GENERAL STATEMENT. 

The characteristics of topography and climate which influence the 
practice of irrigation on the Great Plains may be summed up in the 
general statement that the land is usually smooth, the soil extremely 
deep and fertile, the rainfall scanty and irregular, the sunshine 
abundant, and the water supply variable and uncertain. In seasons 
of unusual rainfall a stranger entering western Kansas is astonished 
that a land of such remarkable productiveness has been almost 
abandoned since its first settlement. Coming again after a season of 
deficient rainfall he would be equally surprised that anyone could 
have been tempted to try to make a living on the barren prairies. 
Happening upon a spot where irrigation is practiced, he at once 
appreciates the enormous importance that water beai*s to the success- 
ful settlement of the country, for there agriculture on a small scale is 
profitable no matter what may be the character of the season; there 
all of the elements — soil, sunshine, and water — combine to produce a 
fruitful increase of plant life. 

The water supply of the region, at best scanty, is yet ample for the 
development of considerable area.s, far greater than are at present 
occupied. In this paper it is not proi)osed to discuss what or where 
these sources are, but, assuming that water is to be had from surface 
streams, storm waters, or wells or other underground sources, the 
attempt is made to describe in a general way to the farmers, espe- 
cially to those who have not practiced irrigation, the methods of 
controlling, storing, distributing, and applying the waters to the cul- 
tivated fields. It is recognized that no description can ever take the 
place of actual experience, but it is possible to give general directions 
which the individual farmer, by experiment and observation, can 
adapt to his peculiar needs. 
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RESERVOIRS FOR STORM WATERS. 

Artificial reservoirs have oeen founu a necessity in the irrigation 
of the plains. Storm waters can not be controlled or directed upon 
the land as they fall. They run off from the hard, sun-baked prairies 
in torrents, especially in those portions of the country where reliance 
must be placed chiefly on such waters. For the storage of this water 
reservoir sites are easily found, and are usually selected with a view to 
impounding the water from a considerable drainage area. The 
retaining dams are of various sizes, according to the needs and the 
means of the persons constructing them. A reservoir to contain an 
acre or so of water is easily made by placing an earthen dam across 
the outlet of the drainage area, even though the slopes may be very 
gradual. The dam has not usually to be built very high, and the 
principal precaution necessary is to provide against washing out in 
time of freshet. The larger reservoirs differ in no essential from the 
smaller, except that the sites must be selected with reference to 
larger areas of drainage, and the dams usually require more work, 
both as to engineering and construction. 

A typical example of this kind is the reservoir of George M. Mun- 
ger, of Greenwood County, Kansas. Mr. Munger is engaged exten- 
sively in orcharding, having 500 acres of fruit trees ready to bear. 
Notwithstanding his location near the ninety-sixth meridian, far 
within what is usually designated as the "rain belt," he has con- 
cluded, after careful investigation of the subject, that the realization 
of the expected profits of his orchard is dependent io a large extent 
upon the artificial application of water. There ai'e no surface streams 
near from which to obtain water in the usual way. There is on his 
farm, however, an eligible site for a storm-water reservoir. But most 
of his orchard and farming land is at a higher level than the reservoir 
site, so that, after collecting the water, he is obliged to pump it. 

The accompanying view, PI. I, gives the relative location of the 
orchard and source of water supply. The storm reser\'oir can be seen 
in the distance to the left, while between it and the orchard is the 
pumping station. The ravine in which the dam is placed runs diag- 
onally through the farm. The sides of it have a gently slope, thus 
necessitating the construction of a dam of considerable length, as 
shown in the illustration, PI. II. In order to provide a safe and suf- 
ficient spillway, it was necessary to build the dam to considerably 
larger dimensions than would otherwise have been essential. The 
topography is such that water could be wasted over a natural ridge 
having a breadth of about 1,000 feet. It was therefore decided to 
carry the dam to a sufficient height above this ridge to liold in check 
any freshet of unusual size and turn it over the crest of this depression. 

The watershed above the point at which the dam is located is about 
800 acres in extent. The valley shows by watermarks that the high 



^ ^'t;.;*.;.-^ 







oowGiLL.] BESEBVOIRS FOB STORM WATERS. 13 

floods spread out to the width of aboat 300 feet. The dam is 2,582 feet 
long, 192 feet broad at the widest part of the base, and a little less 
than 40 feet at the highest point above the lx)ttom of the valley. The 
estimated area of water when full is 100 acres, and the estimated 
capacity 1,000 acre- feet. ^ It was oxiK^ctod that two years of average 
run-off would fill the reservoir. 

In the construction of the dam, wliich was built exclusively of 
eartli, the sod was entirely removed and placed at the rear face. 
The old water channel was thoroughly cleansed of the waslied-in 
gravel, and the work l)egiin with new earth. The soil is a lieavy clay 
with the usual variations, including probably a full supi)ly of gumbo 
and alkali. 

The matter of seepage through the dam and the method of correct- 
ing it was ccmsidered by Mr. Mung(»r, who states in general terms 
that while the authorities on the construct i(m of earthen dams recom- 
mend that the earth Im^ especially selected for the face, and a puddle 
trench be placed in the heart of tlie work, it seemed dilficult to formu- 
late a scheme for so doing that did not involve too great expense. 
Earth was taken as it came in the borrow pits, and in (»ach siu*cessive 
pit was used as deep as it could readily be obtained. All earth was 
taken from inside the work, except where it could not be had witliout 
too great a haul. Several smaller dams had been ])reviously con- 
structed! on tlie place, and in each and (»veiy place there was a seep- 
age along the toe of the dam, but in no case was it suflicient to 
endanger the stability of the work. The same troubh* developed in 
this work, and on account of the magnitude of the dam it was deemed 
expedient to correct it. This was accomplished by running a per- 
manent stone drain along the toe of the dam, grading it to the lowest 
pi>int iK)ssible, and running laterals to every seepy spot that showed. 
The result was very siitisf act ory, there having been a small stream 
running from the drain constantly since its construction, but now 
materially reduced in volume. 

Tlie original estimate shows about 1(M),(KM) cubic yards as the eaith 
contents of the dam, but, on account of the action of the waves on 
•the surface of the dam, it was foun<l that tlie estimate was ctmsider- 
ably exceeded. It was foun<l impracticable to prevent, l)y riprapping, 
the water from bringing the face of tlie dam to the natural grade, so 
that no protection ha<l l)eeii provided against the action of the waves 
until the grade determined by tlie water was made, when the face 
of the dam was riprapi)ed to prevent further loss of earth from the 
action of the waves. 

Except for the fact that Mr. Munger has many hundreds of acres of 
land to irrigate, so large a construction would not be advisable, but 
the plan of this reservoir and the methods pursued in it« construction 



I Irrigating a fiOO-acre orchard, by Qeorge H. Hanger: Report of the Kansas State Board of 
Airrionltiire for the qnarter eading ICarch 81, IWft, pp. 03-71. 
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may well be taken as models by those whose requirements demand 
reservoirs of only moderate size. Wat^r may be drawn through a 
flume for the irrigation of considerable areas of Mr. Hunger's farm 
which lie at a lower level than that of the water in the reservoir, but 
for most of the farm it is nece88ar3' to raise water. This is done by 
two exjmpound, duplex, direct-acting steam pumps of a daily capacity 
of about 4,000,000 gallons, which forward the water rapidly enough 
to make unnecessary a distributing re8ervf)ir from which to draw the 
wat-er when supplying it to the land. 

RESERVOIRS FOR PUMPED WATER. 

Reservoii*s for pumped water differ in several respects from those 
for storm water. The site for a pumped-water reservoir should be 
selecticd on the highest part of the land to be irrigated. The form 
will not usuallv l)e determined by the contour of the land, but bv the 
tast« or convenience of the irrigator. Not infrequently such I'eser- 
voirs are made square, or at least rectangular. Some are made 
circular, thus securing the greatest content for a given amoiiiit of 
embankment. In size, pumped-water reservoirs vary from quite 
small, as shown by PI. Ill — say 30 feet square — to those containing 
half an acre or an acre of ground. Irrigation with pumped wat^r 
has been confined to small operations, at least in Kansas and upon 
the Great Plains, making large storage capacity unnecessary. Since 
pumping into the reservoir is done almost exclusively with windmills, 
the work of which varies with the wind, it is sometimes thought that 
the size of reservoir, compared with the land irrigated, should l>e con- 
siderably increased above the dimensions now in common use. But 
the practice has been to use the reservoir as an accumulator, giv^iug 
the irrigator command of his water supply rapidly, rather than jis a 
store against the time when water may not be obtained by the aid of 
the wind. Experience has confirmed the practice of using the reser- 
voir merely as an accumulator, except for large gardening operations, 
for which a delay in the application of water sometimes proves disas- 
trous. With other crops it is found quite possible to anticipate prolw 
able scarcity by storing abundance of moisture in the porous subsoil. 
The relative size of the reservoir to the land to l>e irrigated averages 
from about 1 to 80 to about 1 to 100. 

The depth of the reservoir when first constructed is generally 4 feet ; 
that is, the bank which constitutes the dam all around the area to be 
filled with wat^r is raised about 4 feet above the natural surface of 
the soil, as shown in fig. 1. The earth for the construction of the 
dam is usually taken from within the reservoir, so that the depth of 
water in the reservoir would be somewhat more than 4 feet if it were 
filled to the top of the bank. 
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Reservoirs are, as a rule, made on land which has been under cul- 
tivation. In preparing for the work all trash nhould l>e removed and 
the ground which is t-o serve a^ the foundation of the dnni should be 
about four times as bnwid as the height of the pnn«(stvl embiiukment 
around the reservoir. It is a gi>ofI plan iu plowing this foundation to 
turn the furrows so as to leave a dead fumnv in the middle and then 
to pumx> water into thi.s dead furrow, wettiiifj all the luise of the dam 




tboi-oughiy. After this has sullii'ienlly settled loadmit of driving over 
it-, it is well to tramp it by driving hoi-ses or other heavy animals over 
it until it is well compacted. Tlie land in the interior of the reser- 
voir is plowed and the loosi- earth is removed I o the embankment, 
usually with the ordinary slip scraper, although in the construction 
of very large reser^'oirs wheeled scrapers are sometimes used. 
In depositing the soil which is to eonstitut* We fewi)cwkW>L\ftfn.x,\vN» 
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better to keep the parts which will become the faces higher than the 
center, thus leaving a channel all around through the whole of the 
embankment. At the close of each day's work care should be taken 
that this channel be exmtinuous, and that the top of the embankment 
be about the same height all around, so that water may be pumped 
into the channel in the heart of the bank, thoroughly soaking it. In 
soils at all likely to seep it is very important that the precaution of 
soaking the bank daily as it is built be observed. If not made too 
soft in the evening, it will usually be in condition to tramp in the 
morning, and this should be done by driving repeatedly around on 
top of the embankment made. If each day's work is treated in this 
way, there will be little trouble from seepage through the bank of the 
completed reservoir. 

The crumbling soils of Kansas will usually take about the corn^ct 
form for a bank as deposited from the scraper and under the tramp- 
ing here recommended. Some who prefer to have the banks steeper 
than they are usually left in this way trim them up ^vith a shovel 
afterwards sodding to prevent further crumbling. This answers very 
well for the outside of the dam, and sod used inside, as shown in 
fig. 1, is a protection against washing until the soil shall have beci>ine 
so thoroughly settled as te be less affected by the action of the waves. 
If the reservoir be small, it is sometimes inexpedient to take from the 
inteiior the entire amount of earth required for the embankment 
Experience has shown that soil near the surface more readily becomes 
a water holder than does that from the substratum. In any case it 
is not safe to employ the gravelly subsoil which prevails almost every- 
where in the larger valleys of western Kansas. 

After the completion of the bank, the next work is to make the bot- 
tom of the reservoir water-tight. This is done by plowing the entire 
area to a depth of 3 or 4 inches, harrowing it fine, and then pumping 
in enough water to cover the entire bottom — if, indeed, it does not 
seep out too fast to admit of this. In any (3ase, water should be 
pumped in until a considerable area is thoroughly soaked. As soon 
as this is settled sufficiently, so that heavy animals will not sink in 
more than 6 or 8 inches, horses or cattle are turned in and driven 
around over the water-soaked area until it becomes hard. Then mow 
water is pumped in and a larger area soaked. It is usually found that 
after the first partial soaking and the subsequent tramping the entire 
area of the bottom may be covered with water. Enough water should 
be put in to thoroughly soak every foot of the area, so that it would 
be dangerous to immediately take large animals into it. After a few 
days, however, this will have settled so that animals may be safely 
driven over it, when it should be trami>ed continuously until it 
becomes so hard that the hoofs of the animals scarcely mark it. Such 
puddling rarely fails — even in very open soils and in those which 
seem to be nearly all sand — to make a reservoir so tight that the 
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^e under 4 feet of water is iiiHig^nificaDt. In rare cases it may be 

\a»ry to throw in manure, or at least straw or hay, and again 

and tramp, but gonerally there is enough organic 

?r in the snrfaoe soil t<» puddle sutBeiently i 

he addition of any other uiaterial. .Some prep- 

JUB have been advertised as linings for reserv 

he cheapest and undoubtedly the best lining is as 

puddling us can be dune with heavy animals. 

Bry reservoir must, of coni-se, h<^ pi-ovided with a 

ble outlet for the water, and unless carefiit utten- 

xt the pumping eiin be i-elied upon there should 

80 an overflow or wast«-way. Tlic outlet flnme 

d be provided when the i-eservoir is laid out and 

■e the banks are coroplet-ed. The bottom i)f the 

t shoukl 1m' plaeed as low as the iKtltom of the 

outside, as shown in fig. l', but is usually not so 
i8 the bottom of the i-esfu'voir inside, so llmt the 
r is not all drawn from the reservoir. It is found 
reservoirs retain their ability to resist seepage 
r if never entirely drained. This is espeeially 
in the winter season, when, if allowe<l to freeze, 
uddliug of tbe l)ottom fre^inently l>eeouies .so de- 
»te«l as to neeesjiitato renewal. The flume sliould 
ng enough to reach entirely thi-ough the endmnk- 
. It is usually made of L>-tn<-h planks, with a 

opening of by >* inelies. Where large areas are 
■ irrigated, making rapidity of siipjily essential, 
>ox should be made larger, and for field work an 
ingof 12 by II! inches will t>o found ample. It is 
iways necessary to use the full size of ihe <>j)en- 
but the flow is regulated by the extent in whieb 
alve or gate is raised. 

,'6m[ forms of valve have l>een used. An excel- 
one is shown in the illustration, tig. ^l, from a ■ 
kas experiment station bulletin.' This gives a {ler- 
,ive view of the outlet l>ox wilh guides attached 
9lding the valve or gate. This is faced wil li leather 
Tely held by tacks. The gate is best o£>erated by 
■penter's beneh-s<-rew attached to a suitable sup- 

and engaging a nut on the upright stiindard. 
fficient gate is also shown in the illustnitiou, PI. 
persted by a lever and nid extending through the 
t box. Whatever form of flume is used, it is I>et- 
have one or two bands of cleat's around it, taking care that 

a tmiW by irrlBfttloD: Experiment frtatloii. Kknau Agrlcoitonl CoU«««,%e,'tt«i.V&.'&<i.Vi. 
Iwr. UW. p. 134. 
IBB & S 
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th^y tit water-ti^lit to the plauki^. In plai'in)< the flume it should lie 
vory thoitxiglily eni1>etlde<1 in the bank, fare bein^ taken tu rain the 
earth firmly against tht> plauku, utspet^ially on the under side, in »i-der 
to prevent tlie wattr fn>m creeping along Iwtween the plunks am! 
the earth. The extra work in projierly l>e«l(1ing the flume is worth 
many times it» cost in seuurity againat leaks. 




Fill, a— Rescrvuir flame 

Little expense is nei-deii to pittimre an irrigation reservoir for Ihe 
abode of edible fishes. It is requisite, however, to place wire screen- 
ing in front of the gate, so that when water is to I>e drawn from the 
pond no flsh can pas8 through the flume. A light framework is usu- 
ally eonstrucled, of such dimensions -as to allow the gate tol>e opened 
wilbout intei-fering with it, and this is covered with common wire net- 
ifiiff, of the sort used for fly sci-eenn. TViia Tust* ou\. «om«what readily, 
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but is cheap and easily renewed. Screens of brass wire, while costing 
more at the outset, last much longer. The water as pumped from the 
wells into the reservoir is perfectly clear, and is usually at a temper- 
ature of about 58° F. This is not ideal water for the abode of carp; 
nevertheless, this variety has been more cultivated than any other, 
largely on account of its prolific increase. The growth of the carp is, 
however, somewhat disappointing, and this is probably due to the fact 
that, owing to the continual additions of the cold well water from the 
pump, the temperature of the water is below that at which the fish 
thrives best. Channel cat, crappie, and black bass have been found 
to do well. Some attempts have been made to grow trout in these 
ponds, but without success. 

If irrigation reservoirs are not otherwise used in the winter, they 
form excellent ice ponds, and make available what would otherwise 
be an expensive luxur}'. But if water is continually pumped into the 
pond, especially in the more southern portions of the district, ice is 
but scantily formed. It is possible, however, for a farmer who has a 
reservoir to provide himself with a sufficient supply for the dair}"- and 
other purposes, even though he use his reservoir for irrigation during 
much of the winter. 

DITCHES. 

Not every tract of land has such conformation as renders irrigation 
practicable. I^and the surface of which is formed into mounds of 
considerable magnitude may well be discarded, at least until that of 
more even contour shall have been brought under irrigation. Ridges 
. and terraces are not especially objectionable features. It scarcely 
seems necessary to remark that irrigation is practicable only where 
water can be induced to flow over the land, and that water will not 
flow uphill, although the eye is often deceived and the novice at his 
first observation of the use of water through irrigation ditches receives 
the impression that in some parts of the work water is actually flow- 
ing up grade. And the most practiced are sometimes, indeed fre- 
quently, mistaken as to whether the surface of the land rises or falls 
in a given direction. It is therefore important,* in the location of 
ditches, that a preliminarj' survey of the land be made; and it is a 
good plan to make a contour map of the land to be irrigated before 
locating the ditches. In irrigating from reservoirs it is essential, as 
before stated, that the reservoir be placed on the highest part of the 
land to be irrigated. 

Ditches, as well as reservoirs, should \ye kept on land at least as high 
as, and generally a little higher than, that to which they are to supply 
the water. One of the largest and most successful irrigators of farm 
crops on the plains, C. D. Perry, of £nglewood, Kansas, holds that in 
laying off the ditches it is necessary to forget all about directions of 
land lines and points of the compass, and be gov^Tii^ «ii^a^ \r3 
the contour of the aurftu^ to be irrigated (,s«e ?\. X\^. 
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It is easily believed that the ditches must be carried along at a 
proper grade, and that the water can not be made to pass a hill by 
flowing up it, but only by following a course which gives a continuous 
thougli slight fall; but on the smooth surface of the plains, constitut- 
ing not only the river l)ottoms but also the plateaus of the region, the 
unaided eye sees no reason why the water may not flow in one direc- 
tion as well as another, or why it may not be made to follow the 
direction of the land lines without serious inconvenience. In some 
cases this can be done, but in othei^s it is entirely impracticable. 

These distributing ditches, or laterals, should l)e placed at such 
distances apart that the water may flow over the land from any ditch 
to the one next lower down the slope in so short a time that there will 
be no great difference l)etween the amount of water taken up by the 
portions of the land on the different sides of the tract. This distance 
varies somewhat in different soils and on different slopes. Some have 
placed their ditches as far as 80 rods (1,320 feet) apart. Usually it 
will be found better to have the ditches not more than one-third, this 
distance apart, and not infrequently it is better that the interval 
separating them be not more than 20 or even 16 rods. 

Water flows when the fall is very slight. In large ditches, free from 
short bends, a fall of 12 inches i>er mile produces a good current, while 
in such ditches a fall of 30 inches per mile often produces sucl r^ cur- 
rent as to cut the banks. For small dit<5hes, such as are used for dis- 
tributing from pumped- water reservoirs, a considerably grep.tct i*:ill is 
admissible and even desirable, and for laterals from which the water 
is made to flow over the land a fall of 1 inch per 1(X) feet is the cor- 
rect standard. Where it is possible, they should be laid with such 
courses as will give them this fall. 

In size irrigating ditches vary greatly. In some cases the lister 
furrow, with the loose earth removed, is large enough, while for the 
conveyance of water for large areas canals several feet wide and car- 
rying water 2 or 3 feet deep are sometimes used. When Mr. Perr>' 
was irrigating but 1,200 acres of land ^\ith wat^r from the Cimarron 
River, his main ditch was 16 feet wide at the bottom and carried 
water about 2 feet deep, and its sides sloped about 2 to 1. As his 
irrigating operations were increased teyond this amount, he enlarged 
the ditch in order to have command of a larger supply. But irriga- 
tion from a pumped- water reservoir is usually confined to a single 
farm, varying from 1 to, say, 40 acres in extent. For the 40-acre farm 
a ditch as shown in PI. VII, 5 feet wide at the bottom and carrying 
water 15 inches deep, with sides sloping 2 to 1, will probably l)e 
found as large as needed. The laterals leading from this main ditch 
over the land to bo irrigated will generally be much smaller than this 
perhaps not more than half as large, or even less, according to the 
amount of land to be served from them. 

Jn the construction of ditches the implements used are the plow 
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and some sort of appliance for removing the loose earth from the 
3it<*h. The line of the ditch having been determined, furrows are 
plowed, throwing the soil from the middle to eith(»r side, and the size 
of the ditch controls the distance between the furrows of the fii^st 
round. Very many ditches are ma<le by plowing this first round in 
such a way as to leave the width of one furrow of a 14-inch plow in 
the middle. This is then turned out toward one side, and another 
furrow is turned from the bottom of this last furrow toward the other 
aide of the ditcih. It now remains onlv to remove the loose earth 
from the lK>ttom of the ditch to the top of the banks. This oper- 
ation is most rapidly performed by an instrument calle<l an *'A," 
from its resemblance in shape to that letter. It is constructed of 
planks, usually shod with steel or iron along the lower edges. After 
being suitably weighted it is drawn by means of horses, apex first, 
through the ditch. By suitably placing the weight, one side of the 
A, usually designated the laml side, is made* to follow along near the 
middle of the bottom of the ditch, while the other side throws about 
half of the loose earth out upon one bank. Tin* return trip throws 
the other half of the loose earth out on the other bank, and, with the 
exception of a little finishing with the shovel, completes the ditch. 

Larger ditches require more furrows and further use of the A, but 
are constructed in essentially the same manner. So also, in a <litch 
which at any place is to 1^ made deeper than the average, a little 
extra work is done with these implements in that j)articular part. It 
is imp<jrtant in the construction of ditches that the banks be made 
tolerably uniform in height, and be so constructed as to carry water 
somewhat above the ordinary level of the land. For the distributing 
laterals banks 6 inches above the general level of the land to be irri- 
gated are about right; if they are made a little higher, so as to be 
inches after settling, so much the better. For rapid irrigation the 
ditches should l)e at all times capable* of lioMing water to at least 4 
inches above the level of the field. 

DISTRIBUTING WATER. 

In irrigating it is necessary to have water spread with as much uni- 
formity as i)OSsible to aU parts of the lan<l. Fields which appear to 
the casual observer to \ye entirely without features of undulation are 
often found, when inspected with a view to irrigation, to possess ele- 
vations and depressions not suspected before. The pra<»tical irrigator 
finds that an elevation no greater than the thickness of a man's hand 
may turn the water entirely around a i)ortion of his ground. So, also, 
a very slight depression is always found by the water, and is liable to 
be overirrigated, water-logged, ami thereby caused to settle, increas- 
ing the disparity of the surface. It is therefore necessary that almost 
every piece of ground which is to be irrigated should be graded. 

Grading may be done either before or after t.h^ i!ov\«\.T\3Le,\A»\SL <^1 'Ocva 
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ditches. It will usually be found that if the dit<3hes are made first 
or at least located, less grading will be required than would l>e con- 
sidered necessary before the location of the ditches. There are 
various grading machines, all of which are operated by horsepower, 
and some of which are very simple. Some excellent graders are on 
the market at reasonable prices, but many farmers construct their 
own of planks, and with them do quite as good work as could be done 
with any machine built. Usually a few turns with the grader suffice 
to fill up a low place, and often at the same time to remove an eleva- 
tion. It should be remembered that grading is of the nature of a 
permanent improvement. Once thoroughly done, it has never to be 
done again. 

Water is thrown out of the ditches by means of dams, the use of 
which w411 be described presently. The most convenient form is the 
canvas dam. The materials used in the construction of a canvas 
dam are a piece of timber, usually a 2-by-4: scantling, long enough to 
reach across the top of the ditch from bank to bank; a small stick 
varying in length according to the width of the ditch to \>e dammed, 

but no longer than will lie across 
the bottom of the ditch without 
leaving any considerable space be- 
tween the stick and the bottom; 
a brace or stick alK)ut one-third 
longer than the depth of the ditch, 
and a piece of canvas about one- 
third wider than the depth of the 
„ ^ , ^ ^ ditch and as long as the width of 

Fio. 4.— Land (Trader. .i i.^ ^ ^ ^^ 

the ditch at the upper edge. Th«? 
canvas is cut into a trapezoidal shape, somewhat resembling but larger 
than a section of the ditch. The long edge of the canvas is fastene<] 
to the scantling first described and the short edge to the small stick. It 
is well to have a little margin of the canvas below this short stick. The 
dam is placed by throwing the scantling across the ditch just below 
the point at which it is desired to divert the water, as shown in the 
illustration, PI. IX. The canvas rests in the ditch, with the short 
stick lying across the bottom, far enough upstream from the location 
of the scantling to make the canvas nearly tight. The brace is placed 
with one end against the scantling and the other against the short 
stick, thus preventing the canvas from being washed back under the 
scantling. A little earth is thrown upon the loose edges of the canvas 
where it rests against the banks and against the bottom of the ditch, 
and the water is turned in. The weight of the water presses the can- 
vas closely against the banks, so that there is scarcely any leakage. 
In some cases permanent dams with head gates are placed in the 
ditches, and this is more often done where ditches branch and it is 
desirable to divert the water to the one or the other branch. 
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A more primitive dam is sometimes made of earth, and such a dam 
is quite effectual and easily made in very small ditelies. Sometimes 
a board is cut into the banks, and earth thrown in above it, making 
an effectual dam for ditches of considerable size; but for general pur- 
poses, where it is not worth while to put in permanent dams with flumes, 
canvas dams are most effective, an<l are placed and removed with less 
labor than any other. It is well that the irrigator be provided with 
at least two canvas dams suitable for each size of ditch from whi(*h he 
wishes to divert water. 

METHODS OF WATERING. 

That which has gone before is prelimiimry to the linal object of 
applying water to the lan<l at such times as the interest of the farmer 
or gardener suggests. There are two i)rincipal methods of watering, 
and a third is esi>ecially attractive to the novice and the amateur, and 
is not without its uses in some cases. For sowed grains, meadows, 
and pastures water is supplied to the land by tt<xKling; that is, by 
allowing it to flow as completely as possible over the entire surface, 
but only in such volume as will not cause washing. For crops planted 
in rows and for or(*hanls irrigation by furrows is generally preferred. 
The thinl methcKl is by underground pipes, into which the water is 
passed, to be distributed through the soil by capillary attraction or 
surface tension, rising from below to near the surface, rather than 
passing from the surface downward, as in the other two methods. 

Irrigatiim by flo(Mling presupiM)ses that the work of grading has been 
thoroughly done and that the ditches have been laid out and con- 
structed with care. Take, for example, a meadow which has been 
thus prepared. The irrigator proceeds to a point in one of the laterals 
leading through this meadow 4(K) feet down the lateral fn)iu the point 
at which it enters the meadow. Here he i)laces his <'anvas <lam in the 
lateral, then admits the water. It will be rememl)ered that the banks 
of these laterals are c<mstructed so as to be <> inches higher than the 
surface of the adjac*ent field. As s(H)n as the water has risen 4 inches 
above the level of the field at the dam, or within 2 inches of the top 
of the bank, the irrigator makes a small opening in the bank just 
above the dam to the level of the water. At a distance of a rod or so 
farther ui)stn*am he makes another small opening, and so on through- 
out the 4<X) feet to the edge of the meadow. Hy this time the water 
is pouring out through all of these openings, giving a small stream at 
each. These streams spread over th(? ground and very sck>u widen into 
a broad sheet, which, with much irregularity of fnmt, spreads down- 
ward toward the next lateral. If the grading has l)een well done, so 
as to give a uniform surface to the meadow, there should be no dry 
spots left after such an irrigation. If the grading has not l>een per- 
fectly done and the water has inclined to flow around cert&\.\v& ^^^^^s^^ 
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it is necessary for the irrigator to take liis shovel and, beginning at 
the point wliere the water l>egins to flow around, open a shallow 
channel through the highest part of the dry area, thus leading the 
water from the upper side and securing practically uniform irrigation. 
The water is aUowed to continue running until this section of the 
meadow has been thoroughly moistened to such depth as the irrigator 
desires. With fresh ditches it is necessary to watch carefully that 
none of the op(»nings in the bank l>ecomes seriously washed and gets 
too large. When such trouble begins it is quite easily renie<lied by 
throwing in a shovelful or two of soil. When the ditches have become 

well settled, little trouble in this 
respect is experienced. 

While the water is flowing over 
this first section of the meadow 
the irrigator X)lace8 a second can- 
vas dam at a i)oint about 400 feet 
farther down the lateral than that 
at whi(*h the first was placed. 
When the irrigation of the first 
section is completed, the dam first 
place<i is removed and the water 
is allowed to flow down the lateral 
to the second dam. Openings are 
ma<le in the ditch as before and 
the second section is irrigated in 
manner precisely like the first. 
The <lams are thus removed to 
positions successively 400 feet 
farther downstream, and sections 
of this length are thus irrigated. 
The same course is pursued with 
each of the other laterals until 
the entire meadow is gone over. 
It will l>e remembered that in 
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Pio.6.-DlagramiUu8trating flooding in reitang- npeaking of ditcheS the piX)per 

fall was stated to l)e 1 inch to 100 
feet. By making the oiK^iing nearest the dam so that its bottom 18 4 
inches above the level of the field, the water will rise to that height, 
and the bottom of the last opening, 400 feet farther up, will be just at 
the field level. If for any reason it has l>een necessary to give the 
ditch a greater fall than 1 inch to ICM) feet, the dam is placed at cor- 
respondingly shorter intervals, unless the banks of the lateral have 
been made so high as to cany water more than 4 inches above the 
level of the field. For subseciuent irrigations, if the dit<»he8 have not 
been disturbed, the dams nuiy be placed in the same positions as at 
the first irrigation, and no new openings in the bank will be necessary, 



K>irOILL.] 



METHODS OP WATERING. 



25 



/he old openings being as available as at first, for on the removal of 
iny dani the water immediately falls, so as to cease flowing through 
ihe openings alx>ve, the entire fall being 4 inches to the level of the 
>penings of the next lower section. It is never necessary to close the 
>penings when once properly made, and the (mly attention needed is 
:o x>revent or repair washes an<l to maintain all jjarts of the bank at 
sufficient height to prevent overflows other than at the points desired. 
Where an abundant hea<l of water is available and old and well-set- 
sled ditches are use<l, it is often i)ossible for the irrigator to attend to 
:he dams and openings in more than one lateral, thus increasing the 
rapidity of the work. This method is applicable not only to ineadows 
ind such sowe<l crops iis wheat, oats, rye, barley, etc., but it is some- 
limes used for corn or orchaixls, and indeed for almost everything 
except potatoes. 




^a 
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Fig. 6. — Diagram illofltfatiDg floodint; within levees on irregular ground. 

A modification of this system is used for some garden crops. Thus 
celery requires frequent and copious i rrigat ion. The ground on which 
it is planteil maybe made into perfectly level beds, each having a 
border a few inches high completely inclosing it. The celery is irri- 
gated by allowing sufficient water to run into this inclosure to cover 
the ground and settle into it until it is surti<*iently moistened. Some 
celery growers irrigate in this way every two or three days from the 
time of planting until just l>efore the <*elery is gathere<l. 

This IkmI systeDi is sometimes applied to field work. The borders 
are maiie somewhat higher, and the beds are made to contain in some 
cases several acres each, according to the head of water available and 
the configuration of the surface. In field work the borders are made 
on contour lines, and are thrown up with the plow, and so roandeA 
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over the Mirfaco as to admit of mowing or cultivatin|j^ over lhes«.*fl»* 
vatioiis, SI) that the aroa of th<* eiulmnknuMits is neither wasted m 
left to iijcrow up in w<mm1s. 

This ImmI system, whih? at ono time nn^eived with much favor for 
fiehl work, is trradnally driving way to tho fltKMliu^ system, as pn- 
viously <k'serib«»<l, and to tho furrow system, to follow. 

In pivparinjr for irripition by the furi'ow system, the distribntii^ 
laterals aiv made in all inspects as des(*ril>cd for the flockiing oysteA 
except that it is practicable to have them somewhat farther apart 
The rows of crops, as corn or i)otatoes, are made to terminate atthf 
laterals from which they an* to l>e irrigate<l, but it is not essential 
that they meet these laterals at right angles. When the water is t( 
Ik? applitMl, small furrows are nuide down the rows, care being takei 
that, the loose earth d<)es not i^oU ba<*k into the furrows so much as to 
obstruct them at any i>oint. These furrows extend from one distrib- 
uting lat<»ral to the next. Canvas dams are used aa in flooding 
The openings in the laterals arc made at suitable intervals, andthf 
water fn)m each of these ojwniings is turned into four or five fur- 
rows and allowed to tri<*kle slowly down the furi'ows to the uext< lat- 
eral, and to continue flowing until the entire s<?ction is thoronghly 
irrigated. 

The size of the streams needs careful an<l intelligent attention. If 
the water be allowed to rush down the furrows so rapidly as to beoomr 
turbid by picking up the finer parti<*les of soil, these particles wiU l^ 
deposited fai'ther down the furrows as tlie volume of the stream 
l>e<*omes smaller an<l the current. l>ecom«»s less on account of the 
absorj)ti<m of a part of the water in the soil traversetl. This deposit 
of fine [)articles is apt to act as a cement to the furrows and preven* 
pro[)er alKSorption of the water. It is possible by the very rapid us** 
of water to cause it to flow through the entire length of the furrow? 
without eiTectually irrigating the soil. The novice at irrigation is 
almost sure to be surprised at the action of an irrigating^ stream iu 
the furrows in a soft, plowed field. If the 'stream is veiy smidljt 
may entirely disapjK'ar in the first hkI or two of the furrow. If tht* 
stream is very large, it may carry away a (*onsideral)le j)art of the soil 
from the fii'St. few feet or few rods of the furi'ow, and, as already 
stated, flow through witliout accomplishing the purpose of effectually 
moistening the land. 

A properly regulated stream should flow through a furrow without 
l)ecoming very turbid at any point, an<l should progress continuously, 
though slowly, throughout the length of the furrow. After it ha.« 
flowed for a time, varying with the natitre of the soil from a few- to 
many hours, the land should be so thon>ughly irrigated as to make it, 
esjiecially if newly jilowed, too soft to walk over without miring;. 
Where the soil is of a flocculent structure and contains considerable 
vegetable material, this thorough irrigation may take place by the 
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furrow system without greatly changing; the hx>se and flcKH?ulent struo- 
tiire so desirable for rapid growth of vegt»tati<>n. This is ihe aoino of 
irrigation. Not every soil will retain This ojkmi structure, even under 
the most skillful handling of water. With many Miils it is found that 
the effeet of the artifieial application i»f water is nnuh likr that of an 
exeeedingly hea\y and dashing rain, solidifying the soil by breaking 
down the open structure. It may Ix* Siiid that, as generally applied, 
irrigatiou leaves the soil compact and in <M»ndition to l»ecome very 
hard as it dries. 

CULTIVATION. 

The comimeting of the soil after irrigation is remedied by cultiva- 
tion of the surface as s<Hm as tin* soil n*aches a <'on<lition t<» be worked. 
This cultivation after irrigation serves the <louble purixisc of checking 
the growth of weeds, which is sure to be copious, and i»f leaving a s«)il 
mulch of loos4* earth over the surface, which piwents the rapid evap- 
oration of the moisture stored in the subsoil. The imiM>rtance of cul- 
tivation after each irrigation can not be overestimated. In general 
the applicaticm of water wit hcuit the subsequent cultivation is of little 
value, and, indeed, in nmny cases it is absolutely detrimental. The 
general experience is that, with the average soil, after the a[>plication 
of water the gnutnd simhi lieconies very dry and very hard, and evajx)- 
ratitui proeee<ls to n)b both th<* soil and the subsoil of moisture with 
surprising rapidity. If the irrigator thinks to remedy the case by 
another irrigation, he usually only makes the matter woi*se, for the 
8r>il by this time, esi>ecially that along the bonlcrs of the furrows, has 
become quite thoroughly puddled, so that the second a])plication of 
water with no intervening cultivati<m amounts to little more than 
llocKlingover the surface, with but slight moistening of the undei-soil. 

It may be state<l in general that the irrigator who fails to cultivate 
soon after each irrigation will make a failure of irrigation. Indeed, 
in almost any part of the <4reat Plains, if either irrigation or cultiva- 
tion must be omitte^l, it will 1m» Iw^tter to omit the irrigation than the 
cultivation for all such crops as admit of cultivation. The (*ase with 
meadows and with sowe<l crops in general is somewhat diirerent, the 
soil being to some extent iirotected an<l support«Ml against excessive 
settling by the general distribution of the plants and roots. It is not 
impr(il>able, however, that in the case of annuals, as wheat, rye, bar- 
ley, and oats, it will l)e fouiul profitable to make the drill rows far 
enough apart to admit of <»ultivation while the plants are small. In 
the case of meadows, esp<*cially with alfalfa, the influence of the 
extensive root growth is such as to keep the soil in conditi<m favora- 
ble to rapid growth without cultivation. It is noticeable, however, 
that even alfalfa shows the markeil influence of cultivation where a 
meadow of this legume joins a cultivated Held. 
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SUBIRRIGATION. 



The application of water by meaus of furrows placed at a consider- 
able distance from the plants to be watered can be beneficial only in 
soils allowing a considerable lateral movement of the water. This 
percolation may take place in certain soils through a space of several 
feet or rods, while in others the influence of the water apparently is 
not felt for more than a few inches. In cases where the soil and sul> 
soil have a structure such that water moves laterally through them 
with considerable ease, the theoretically i>erfect method of applying 
it is through pipes laid underground below the reach of the plow and 
perforated, so that when filled the moisture will be uniformly distrib- 
uted near the ix)Ots of the plants. This does away with all losses from 
evaporation and from saturating the sides and l)ottom of the open 
ditches. Unfortunatelj^ however, this method has been found prac- 
ticable only to a limited extent. Many soils do not transmit the water 
freely, while others are underlain by a gravelly or open subsoil througli 
which the water escapes downward with far greater rapidity than it 
can move sideways. Another serious obstacle to the success of tliis 
form of irrigati(m lies in the fact that the little roots of the trees and 
plants are induced by the moisture to rerch out toward the pipes, 
seeking every crevice or perforation, and soon stopping these up 
with interlacing rootlets. In California many inst>ances are given 
where great expense was incurred in laying out an elaborate system 
of perforated or porous pipes. Irrigation through these was highly 
successful for one or two years, and then became less so, until the 
method was abandoned and the pipes taken up or else openings made 
to the surface, so that the water could come up and spread as from a 
hydrant over the plat to be wet. 

The term '* subirrigation" is often applied to the conditions where the 
subsoil is saturated either artificially or even naturally. For example, 
many lowlands along streams are commonly said to be subirrigated 
from the fact that the underlying gravels are filled with ground water 
which extends up high enough to be available for the use of deep- 
rooted plants. The word is also applied to similar cases where, by 
excessive use of water on lands higher up, the low grounds have been 
so completely filled by seepage that it is no longer necessary to flow 
water over the surface. This is, however, hardly a proper use of the 
term, as it can better be confined to the intentional application of 
water beneath the surface by pipes or similar devices. 

The method of irrigating by underground pipes is one that appeals 
very strongly to the fancy of the novice. It has been repeatedly tried, 
and in most cases has been abandoned. This does not necessarily 
prove that the plan is useless or impra<iticable, and the fact that some 
have continued its use makes it worth while to describe it and to 
examine somewhat the conditions of its trials and the probability 
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ilness. The plan is, in general, to place x>orouM drain 
>ugh beneath the surface of the cultivated land to be out 
of the plow and other implements of cultivation, and to 
lies of this tile so connected with the source of water sup- 
y may be filled at will. Reports of the use of this method 
a state, as noted al)Ove, that the roots of the tribes and 
trated the tile at the joints, or at nny opening where the 
I get out, and formed mats of small r<K)tlets within the 
to effectually obstruct the flow of water. In the gravelly 
>il8 of Utah it was found that on emerging from the pii)e 
ttter was very little inclined to distribute itself laterally, 
to gravity and went down, so that only narrow strips were 
ad, and these at considerable depth below the surface, the 
ig little inclination to rise above the pipe lines. At the 
exx)eriment station the 
) to the surface above well 
aes, but the spaces be- 
not well irrigated. A 
of a tile-irrigated field 
wed by dark lines the 
the pipes, while the 
: surfaces were entirely 

le County, Kansas, very 

' results have been re- 

n pipe irrigation, the 

igbeen distributed lat- 

lat almost ideal irriga- 

tained. Tlie objection 

iifomia is one forwhich 

t to conceive an effect- 

\ It is undoubtedly 

er, that a stopxmge in a 

B easily located, and since the pipes anj placed at no great 

¥ the surface, it should not be a serious task to remove a 

ruction. But if the stoppages should be very numerous, 

3 of keeping the lines open might exceed the advantages 

.' the system. In Utah the tendency of the water to go 

Y downward instead of laterally was due to the oi>en, grav- 

. A consideration of the description of other experiments 

at the difficulty encountered — that of the water coming to 

immediately over the pipe lines, but not distributing well 

nay be overcome by a modification of the work. It appears 

Be experiments the pipes were put in trenches in the sub- 

I surface cultivation was conducted in the usual way. The 

ittle opportunity to circulate laterally until it liad ti«e^\i tA 







340 FT. LONG 


t 


3in. 




K 


3 inch form drain tile u/ithout socket 


a: 






^ 










h 






u 












bJ 






m0 










> 






± 
















o 




M 











Pio. 7.— Plan of fiubirrifrnting nystem. 



30 IRRIGATION PRACTICE ON THE GREAT PLAINS. [wllw 

the bottom of the eiiltivate<I stratum. In the experiments in Osborael A:" 
County, Kansas, the entire subsoil wa« broken to the depth at whiAl'^'** 
the pipes were laid. The wat^r moved laterally over the eompact,l*fii 
undisturbed lower subsoil and rose to the surface quite uniformMfc^ ^ 
over the entire tract. Possibly if the subsoil in the Wisconsin expen-|w^* 
ments had l)een treated in the same way, the results might have beei 
modifie<l and maile favorable rather than unfavorable. 

The plant of one of the successful tile irrigators of Osborne Coimty, 
Kansas, Mr. Andrew Linn, is described as follows: The ground wi 
plowed inches deep and subsoiled about 8 inches, altogether stirringP^^* 
the soil to the depth of about 14 inches. The ground was plowel|fel 
north and south, the tiling laid east and west . The land slopes slight 
to the east and south. An arrangement is made to use the plant asi 
drainage system when there is too much rain. Three-inch tiles are Wi 
15 inches l^elow the surface and 10 feet apart. Unglazed drain \S» 
are used, but they are so hard that practically no wat^r passes thron^| ^ 
the pores, the outlets being at the joints. These joints are closei 
with cement, with the exception of about an inch on the underside rf 
the tiles. If no part of the joint is cemented, the water flows outt# 
rapidly and is not evenly distributed. Mr. Linn laid and cement«d 
his tiling on 2^ acres in ten days. The ditches for the tiling wert 
made with a lister plow and spade. The pump to supply water to tin 
tiling has a capacity of al)out 20 gallons per minute. 

The diagram, fig. 7, shows the plan of the system. The water « 
carried from the pump in a wooden conductor and flows into a bairi 
sunk into the grounTl about 10 feet away. A 4-inch sewer pipe froB 
this barrel is laid in four sections extending southward across thewert 
end of the plat to be irrigated. At the end of each section the pipe 
dischai*ges its water into a barrel (not shown in the diagram), alsa 
sunk into the ground. From this barrel a 3-inch pipe, 8 feet in length, 
is laid eastward, where it communicates with a 3-inch pipe laid north 
and south alx)ut 40 feet. To this pipe are connected five 3-inch drain 
tiles extending eastward entirely across the plat and 10 feet apaii 
The lot is thus divided into sections, each independent of the others, 
and facilitating the irrigation of any section at will. 

Mr. Linn is satisfied with the results of irrigation with this plant, 
but as yet no comparison has ]>een made with those obtained by su^ 
face irrigation under otherwise similar conditions. The cost of such 
an arrangement is certainly against it, and will probably, for a long 
time at least, preclude its use except for gardens or for farming on a 
very small scale. But the experiments of Mr. Linn and some of his 
neighbors have shown that Avitli such soil and subsoil as they possess 
it is perfectly practicable to get a goo<l distribution of water by means 
of underground pipes. Their plan has been to pump the soil and sub- 
soil full of water during the fall and winter, saturating it to a depth 
of G or 8 feet. 
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.After this it wms neoenuuy only to supply the water transpired by 
station and lost by evaporation, the loss being very small on 
»ant of the fact that no crust was formed on the surface, and the 
iculent, open structure of the soil was little interfered with by this 
Lethod of applying water. It remains to he seen whether the plan of 
^menting the joints of the hard-burned tile, except an inch on the 
icier side, will prevent the entrance of roots to the extent of stop- 
Ln^ the circulation of water through the pi()e8. This method has 
*n used also by Dr. Hudson, of Osborne, who has expressed satis- 
ion ¥dth the results. Other than tile pipes have been used for 
purpose. Small pipes made of galvanized iron and perforated 
very small holes, or preferably with an open seam, have been 
and satisfactory results reported. The following description has 
m condensed from a statement given by Mr. Alex. Richter, of 
^Uyrood, Kansas, who has used the oi)en-seam pipes. 
The first precaution is to ascertain whether the structure of the soil 
id subsoil is such that subirrigation is practicable, as it is a useless 
mditure of money to lay pipes where the conditions are such that 
water will not spread laterally to the plants. In some localities 
subsoil is so porous that the water applied beneath the surface 
immediately and can not be had by the roots of any of the 
knts except those in the immediate vicinity of the source of supply, 
lis is especially the case on the bottom lands along streams where 
surface soil rests upon gi-avel or beds of sand. Where, on the 
itrary, the subsoil is comparatively impervious, and above this the 
teture is such that the water is transmitted horizontally, systems 
subirrigation can be intrpdueefl to great advantage. For example, 
following exi^eriment was tried: During a dry season a pipe 10 
)t long was laid 10 inches deep in the middle of four rows of string 
18, these being about 5 feet apart. Into the pipe 12 quarts of 
^ter were poured, and the same amount was sprinkled on four other 
of string beans in all respects similar to the first. In the case of 
rows watered by the pipe the beans did well, while in the other 
rs they died. The same amount of water was given to each. 
In 1895 many experiments were made by different farmers, some 
mtting pipes in rows 5 feet apart, others 8 or 16 feet, and in one case 
feet. Different depths also were tried, some being 14 inches, others 
L8, and still others 2 feet. During the first five months nearly all of 
lese were satisfactory, but after that period difficulty was found by 
le persons who had laid the pipes from 18 to 24 inches l>eneath the 
irface. By digging down it was found that the deeper pi[>es had 
m placed so low as to be embedded in the clay subsoil, and that 
lIb did*not aUow the water to spread freely. By raising the pipes 
kbout 6 inches^ well above the top of the clay, the water percolated 
)ly. For vegetables it was found that pipes give the best success 
rhen laid fnan 8 to 10 feet apart, while for oro\u»:d« 9k «i\i<^^ xqhv .^\ 
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pipes was sufficient between alternate rows of trees, these pipes beinji 
placed from 10 to 12 inches in depth. It was also found that the 
moisture was rendered more efficient by using fertilizers. 

One of the most common mistakes at first made has been in giving 
too great a slope or inclination to the pipes. If laid on ground which 
has a decided fall the water runs to the lower end before it can escape 
in considerable part through the opening along the side. For this 
reason the pipes should be laid very nearly level, but if a considerable 
slope can not be avoided it has been found l^est to have cut-offs in the 
pipe every 10 or 20 feet to check the flow. Another way is to run the 
main pipe on the down grade and connect this with irrigating pipe* 
branching from it with suitable valves or cut-offs, so that the wat« 
can be turned into the branches. The preferred length of irrigatiiif 
pipe is about 200 feet. Sometimes this can beconnecte<l at bothend» 
with the main supply pfpes to advantage. The main supply pipe is 
proportione<l according to the amount of water to be carried. In gen- 
eral for gardens and orchards it is 1^^ inches in diameter. The sheet- 
iron irrigating pipe leading from this liasM 
open seam along its length and is usually seven- 
eighths of an inch in diameter, although smaller 
sizes can he useil for flower beds. The cofil 
varies according to the amount used, but in one 
case where 3 acres were provided, 2 of these 
l>eing orchanl and the remaining acre devoted 
to potatoes, watermelons, and other vegetables, 
the entire cost was *63. In this case the wat«^ 
FiG.».-secti^ofopen-seam ™elons aloue paid the cost of the pii>e. One 
pipe. man can lay nearly 3,0CX) feet in a day, covering 

it up by means of a plow. 
There is a notable difference in the distribution of moisture when 
the subirrigating pipes are laid above the surface of the clay and wh« 
they are put down in it. In the first case, when the pipe is buried ii 
the pervious soil slightly al)ove the impervious clayey subsoil, the 
water spreads laterally ujwn the surface of the latter, moistening the 
ground upward while sprea<ling out ]>eneath the surface. In tJw 
second case, when the pipe is within the clay, the water can not spread 
laterally, but rises slowly and moistens only a narrow belt immedi- 
ately above the pipe, not finding its way as rapidly as in the other 
case along the surface of the clay. 

This difference in l)ehavior is illustrateil by an experiment in which 
two pipes were laid above the subsoil and five pipes below the clay* 
The two pipes were able to deliver far more water than the five morf 
deeply buried. An examination by a test pit showed that although 
the surface was drj' above the five pipes, there was standing water is 
the clay. This fairly uniform distribution of water from the pipci 
when Jaid above the subsoil is said to obviate the difficulty found with 
the roots of trees. The great obiectioiv \o WA^ lotm of subirriga* 
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tion has been that after one or two years the fine roots of plants seek- 
ing out the water inclose the conducting pipe and penetrate every 
opening or crack, finally completely obstructing the flow of water. 
Where, however, the moisture is distributed uniformly through the 
soil, the i-oottf are not impelled directly toward the l)ilM*. Cases have 
been reported where i^ipehas l>een used for three years suc<?essfully 
at a distance of only about a yard from a row of trees. 

AMOUNT OF WATER REQUIRED. 

There are two ways in which quantities of water used in irrigation 
are expressed. One is in terms of the rate of flow, as, for example, 
that of a river; the other is in ([uantities of water, such as would be 
held by a reservoir. In the fii-st case we speak of a stream as averag- 
ing through the month of August 10 second-feet or ^(X) miner's inches. 
In the secimd case we speak of a reservoir as hohling, in round num- 
bers, (). 40 million gaUons, or HOL>,(KK)(Mibic ff*(»t, or 11».8 a<*re-feet. Each 
of these can l)e converted into the oth(»r by simph^ computations. 
Where wafer is spoken of according to the rate of flow, the total vol- 
ume can 1k^ obtained only by assuming a c^M'tain h»ngth of time dur- 
ing which the flow continues. On thc^ other hand, the vohime of 
water, as, for example, that, stored in a res<M*voir, can be converted 
into rate of flow by figures based upon the number of days or sc<*onds 
during which the (juantity is to be discharged. 

In discussing rat^^s of flow of a natural stream, the cul)ic foot per 
second or 8econd-f(M>t has lM»en generally adopted as the standard, 
and is rapidly displacing the older, indefinite term — miner's inch. 

The cubic foot per second, or second-f(M)t, is the rate of delivery of 
a stream 1 f<M>t wide ami 1 foot d<»ep, flowing at the average rate of 
1 foot i>er second. The quantity is, of course, independent of the 
Bhape or velocity of the water; a secon<l-foot will be d(»livere<l by a 
pipe inches in diameter in whicli tlie averag*' flow is a trifle over 
5 feet [)er second, or b}' a ditcli having a <'ross section of l square 
feet and a sluggish current- of only ,) inches per second. 

The miner's inch is a unit adopted for convenience by the liydraulic 
minersof the West, and, being easily arrived at through rough di^vices, 
has been largely emi)loye<l throughout the arid region in estimating 
the quantities of flowing water. The chief ol)je<*tion to it is its indefi- 
nite character. One miner's inch may be 20 or 25 per <*ent larger 
than another, although both are measured according to (established 
rule or customs. In earlvdavs, wlien water was abundant and it had 
little value, there was no especial demand for accuracy in its meas- 
urement, aod the crude devices suf!ic<Ml for all practical j)uriM)ses; but 
when the streams came to be used for agriculture and it was appre- 
ciated that values resided in the flowing water rather than in the 
land, it made considerable difference to a farmer whether his miner's 
inch of water was large or small. To avoid confusion awd Vv^x^'jCCvotcv., 
the term " miner's inch " has therefore been \aT^e\^' ^ow». vcnws ^VC«£v 
IBB 3 3 
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and qiiantitieD are given in f nielion«i of a seetrntl-fuot. lu California 
the miner's inch is now given as one-fiftieth of a seeond-fnot, while in 
Colorado and many other of the Rocky Mountain States it is nearer 
the fortieth part of a second-foot. In other words, the Colorado 
miners inch is considerably the larger. 

The second method of stating the quantity of water — that by actual 
volumes rather than by rate of flow — is in all respects the more at*eu- 
rate and desirable, and is the only practicable means in hicalities such 
as those on the Great Plains, where water must be pumped or st-ored 
and is not running continuously to waste when not used, a» is the 
case along the larger streams of the arid region. The units employed 
may be the gallon, the cubic foot, or the acre-foot. The Ignited 
States gallon, as defined by statute, contains 231 inches; 7.48 gallom 
make a cubic foot, or 1 gallon is O.l.T^BS of a cubic foot. Tlie chief 
disadvantage of the gallon as a unit is that it is t<H> small and requires 
large figures to express the amount needetl for irrigation. It has also 
the additional disadvantage that there are other gallons of other size!« 
in use, so that confusion occasionally arises. 

The cubic foot is a definite quantity and is very convenient for use 
in computations of the amount of water required. By its use the 
capacity of reser\'oir8 can be readily computed, since their dimensions 
are usually expressed in feet. It is, however, likQ the gallon, too 
small for convenience in many estimates, and in practice it has been 
largely replaced by the acre-foot. This latter term implies a quantity 
equivalent to the amount of water covering 1 acre to the depth of 1 
foot. In other words, 1 acre-foot equals 43,500 cubic feet. This 
quantity — an acre-foot — does not imply that the water must be 8[)read 
out 1 foot in depth, for the 43,560 cubic feet can l)e placed in a reser- 
voir of any shape and still be an acre-foot. It may be held, for 
example, in a pond 100 feet s<iuare and to a depth of a little over 4.3 
feet, or it may be in a tank 20 by 50 feet and 43.50 fc^t deep. There 
is a convenient relation between the acre-foot and the cubic foot per 
second, or second-foot. The latter flowing for one day (twenty-four 
hours) very nearly equals 2 acre-feet; that is to say, a stream 1 foot 
wide and 1 foot deep, flowing at an average velocity of 1 foot per 
second, will in one day, or 86,400 seconds, cover a surface of 1 acre 
to a depth of very nearly 2 feet. 

The term **duty of water" has been employed to express the rela- 
tion which exists between the quantity of water useil and the area of 
land irrigated. For example, if a stream of water equivalent to 1 
cubic foot per second irrigates 100 acres, the water duty at that place 
is stated as being 100 acres to the second- foot. This water duty may 
be arrived at from two opposite directions. First, as given al>ove, by 
taking actual instances of the measured amount of water applied ; and 
second, by starting at the other end and estimating the theoretical 
amount which the plants require and the quantity which must be 
wasted in wetting the ground before tVxe Nvat^eiT can be available for the 
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need of the plants. Neither of these is wholly satisfactory, and there 
has not as yet been obtained a sufficiently larg:e Inxly of fact^ t^ enable 
conclusions of general applicability to be drawn. Taking any one 
crop thn)ugh successive years, the amount, of water actually used 
varies so widely that it is doubtful whether any tigures yet published 
can l)e iuii>licitly relied u{K)n. 

A large nund>er of experiments have l)een carried on, not only in 
Euro|>e but in this country, to show the amount of water exhaled by 
|dants. The i-esult^s of thesis as alM)ve stat^^d, arc discordant, but as a 
rough statement it may be siiid that, theplant.s hav(» transpired during 
their gniwth a weight of water from .'KK) to 500 times that of the weight 
of dry matter. In this <»ountry various agricultural stations have 
obtiiiined and still are obtaining data iM'aring upon this point. Among 
the lK\st of the published result,s are the series of experiments con- 
ducted by Prof. F. II. King at the Wisconsin agricultural station. 
These are of i)ai*t.icular value in this connection as showing the amount 
of water reipiired by plants even in a humid climate. The results of 
the observations for 1802 show the following amounts of water con- 
sumed per (Kiuud of dry material produced: 



( 'rop. 



Barley 
Gate . . 
Com. . 
Clover 
Pease . 



Water 
coDMumed. 



Pounds. 
875 
526 
317 
564 
477 



The datii given al)ove have l>een combined with those obtained for 
IHin and computed in other units, giving the corresponding depth of 
water useil in the prmluction of the plants. These results are shown 
in simplest form in the following table: 



Crop. 



Barley 

Do 

< )atH , 

Do 

Com 

Do 

Clover 

Peaae . . 



Year. 



1891 
1892 
IS91 
1892 
1801 
1892 
1892 
1892 



Watur 

COIIBUIUimI. 



Inch en. 
13.2 

0«» K 

19.7 
19.0 
26.4 
25.1 
29.7 
16.9 



\ 



36 IRRIGATION PRACTICE ON THE GREAT PLAINS. [va& 

From the alK)ve table it is to be observed that the least amount of 
water used was by the barle}' in 1891, and it should be noted that the 
product for this year was only about half that for 1892, while nearly 
double the amount of water was used. It is probable, therefore, that 
if the barley had received or used as much wat^r as the same crop in 
1892, the production of drj' matter would have been greatly increased. 

It has been found that there is a great range in the amount of water 
employed by various plants in the process of building their tissues, 
and that not only do the different species stand widely apart in this 
respect, but even individuals of any one species at the successive 
stages of life or with alt.ernations of climatic conditions transpire 
water more or less freely. As previously noted, the experiments, when 
reduced to a common basis, show a wide range in results, depending 
largely not only upon the conditions under which the t^sts were car- 
ried on but also upon the assumptions necessarily made in reduction 
to the same form of statement. Thus the water used by a crop of 
wheat is from' 9.3 to 29.8 inches in depth, averaging 17.9 inches; by 
barley, from 4 to 30 inches; the same experiments in successive 3'ears 
obtaining 13 and 23.5 inches, the difference, however, being in part 
accounted for by the increase in jield. 

In actual crop production, however, it is necessary not only to sat- 
isfy the thirst of the plant but also to fill certain demands of the soil 
necessitated by its composition, structure, and exposure to the air. 
A certain amount of water must be given to the soil before the plant 
can obtain any for itself, and, according to the skill of cultivation, 
more or less of this water will be taken up directly by the air or by 
weeds. The process of getting the water to the crop, usually in open- 
earth channels, is also more or less wasteful, so that be^^ondthe plant's 
needs there is always to be added a variable percentage to cover these 
various losses. Man}' of these losses may be reduced or prevented by 
more perfect systems of irrigation and cultivation, but there is always 
a limit to expenditures in this direction set by the market value of the 
product. In other words, it will not pay to push water economy in 
this direction beyond modei*ate efforts. 

To obtain valid conclusions as to the total amount of water required 
by the plant, together with that portion lost in transit in the irrigat- 
ing channels and in the soil while waiting for the demands of vege- 
tation, it is necessary to resort to the results of field tests made in 
various localities under local conditions of soil and climate. There 
are, unfortunately, comparatively few data as yet sufficiently com- 
plete for generalization, and these, as might be expected from an 
analysis of the matter relating to plant transpiration, offer wide 
discrepancies. 

Experimental data are still lacking as to the exact amount of water 
required for the proper moistening of plains soils to any depth. It is 
not unusual with alfalfa to apply 6 inches of water, or over 680 tons 
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per acre, at a single imgatioii, but with the usual field cr^ps it is 
prol)able that 3 aere-inelies at an applii'ation is nioiv usual than a 
lai'ger quantity. ExiH»rieneo of irrigators ^*Mu>rally favtu's the appli- 
cation of enough water to moisten tlies^iil to a ronsi<h»rahh* <h»]>th, siiy 
1^ to 2^ feet, and then hy eultivation priMlucing a niuleh of fine soil on 
the surface to retanl evaiMjration, thus retaining the water of a single 
irrigation for the use of thedeeiXM* roots of the ])lants for a considerable 
period, rather than the more fre([uent ai)plieationof small (|uantities, 
which, b}' moistening only that portion of the soil very iu»ar to the 
surface, encourages the growth of roots in that portion of the soil 
which soon l>ecomes dry. Such irrigation lea<ls ti) spasmo<lic and 
irregular gi'o\^'th and often to serious injury to tin* plant from drought, 
even though very frequently watered. For general purposes it is 
undoubtedly the lH?st plan to have the sul>soil well moist emvl early in 
the season and to keep uj) the supply of moisture by such copious 
subsecpHMit irrigation as will encourage the development of deep roots 
and maintain the uniform maximum growth of tlie plants. 

A convenient figure in estimat ing the (plant itytif water to 1h^ ai)plied 
to orchard and onlinary crops at a single irrigation is l()n,(M.M) gallons 
per acre. This will allow of ^ome h»ss by seepage in the ditches, and 
usually moistens the soil to a giwMl depth if judiciously ai)plied, and 
can by the furrow system generally be so applied as to leave the soil 
in good' condition for growth. 

The quantity of land which may be irrigated by a single nmn in a 
given time is exceedingly variable, an<l d(*]>ends greatly upon the 
skill with which the land has been gra<hMl and th«* ditches have been 
laid out and constructed. Twentv acres per dav mav be aseasilv irri- 
gated under some conditions as 1 or i* acres under other con<litions. 
In garden ojwrations, of course, tht» ar<»as covere<l are usually much 
less tlian in the big fields, and a man may sometimes spend a whole 
day on V4»ry much less than an acre and have no n^ason to chide 
himself for inefticiencv. 

WINTER IRRIGATION. 

On the plains the winter an<l (»arly spring months are usually dry, 
and the soil is sometimes almost as devoid of moisture at the (Opening 
of spring as duringsubse(iuent <lroughts. This powdery soil is easily 
worked, and some have thought it in favorable condition for tlu* recep- 
tion of seed, and that copious watering later would be suflicient to 
insure the full benefit of irrigation. J>ut disa])pointmeiits have some- 
times resulted, scarcely better cro[)s 1mm ng realized than where no 
water was applied artificially. On the other hand, where similar soil 
has been thoroughly nioisteninl by the late winter or early spring rains, 
or by winter irrigation, the fertility of the soil ha^ been amply dem- 
onstrated. Whatever may be the explanatioii ot iVv^ 1«lc\:, \\>\va&\jftfe\v 
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found by nearly all observant irrigators of the plains that winter irri- 
gation, thoroughly done, serves ver}^ well the double process of fertil- 
izing and moistening. Mr. Perry states that after his eight ^'ears of 
extensive experience in irrigation, he has had the best average result^) 
where he has thoroughly siiturated the soil t4) a depth of 2 or 3 feet 
during the fall or winter or very early spring, and then has cultivattHi 
his crops on this land without subsei^uent irrigation. Mr. C. B. Huff- 
man, of Enterprise, Kansas, has found that land thoroughly irrigated 
and well cultivated during the season of 1895, and afterwards nown in 
wheat, prcKluced suprisingly well in 1896 without any irrigation after 
the wheat was sown, while similar land that had not been irrigated 
gave a very jK>or yield. The general experience of orchardistH favors 
winter irrigation. Not unlikely, future pra<^tice in the application of 
water will consist in thoroughly wetting the soil during the winter 
and in such subsequent irrigation as maybe found desirable to main- 
tain the maximum growth, the larger quantity of water being applied 
in the winter, when evaporation is at a minimum. 
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LETTER OF TRANSMITTAL. 



Department of the Interior, 
United States Geological Survey, 

DmsiON OF Hydrography, 

Washington, April 0, 1897. 

Sir: I have the honor to transmit herewith a paper entitled Undei^ 
ground Waters of Southwestern Kansas, by £rasmus Ilaworth, 
geologist of the University Geological Siiri-ej' of Kansas, and to rec- 
ommend that it be published as the sixth number of the series of 
Water-Supply and Irrigation Papers. 

The field work upon which this rei)ort is leased was carried on by Pro- 
fessor Haworth during the summer of 1896 in connection \nth the inves- 
tigations of the Division of Hydrography. Its object was to obtain 
detailed information concerning the amount and quality of the under- 
ground waters, in order to throw light ui)on the problems connected 
with the utilization of these in the development of agriculture upon 
the Great Plains. Although the investigations were of necessity con- 
fined to a somewhat limited area, the conclusions have a general 
value in showing the limitation to which similar areas of the public 
domain are subject. 

Very respectfully, 

F. II. Newell, 

Hydrographer in Charge. 

Hon. Charles D. Walcott, 

Director United States Geological Surrey. 
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IXTUODl'CTIOX. 

SOURCE AND DISPOSITION OF WATER. 

All terrestrial water cM>mes primarily from the ocean, whence it is 
taken byevaiK>ration. It may then l)e carried by the winds to the far- 
thest portionsof the dry-land areas anddeposite*! on the surface of the 
ground, principally as rain, Init partially as snow, mist, fojr, or dew. 
No groundwater available toman in any portion of our jrlobe has hiid 
or can have any other ultimate source, whether we consider the wat- r 
Hear the surface or that more <leeply buried. 

Water thus left uix»n the dry land deports itself in a variety of ways, 
iepemlent uiK>n the different conditions under which it is placed. A 
Iftrge portion is evaporate<l directly from the surface lK.*fore it lias had 
in opportunit}' to run off or to be absorbe*! by the soil or to penetiate 
O greater depths. Of that which is absorbed, lar.ixe portions ar./ 
iltiniatel}' dissipateil by evaporation from growing vegetat ion. A sec- 
ond portion runs from the plains and hillsides down into the streams 
ind rapidly returns to the <K'ean whence it came, while a smaller por- 
tion more gi*adually works its way into the same streams by steeps aud 
springs and reaches the same destination. Other portions soak into 
lie soil and ground and serve as a permanent supply of moisture in 
be soils and surface coverings; while still other but lesser i)arts sink 
ielow the surfa<'e soils and below the roots of vegetati<m, where they 
"^eiuain a constant source of available water «»xisting in suflicient <iuan- 
Jties to more than sjiturate the ground, and hence become available 
^hen drill or spade penetrates it. Each of these several methods of 
leportment is imiKjrtant to the stu<lent of hydrology, and may there- 
fore briefly be consi<lere<l here. 

SURFACE EVAPORATION. 

A lai'ge Init varying proportion of \]w total rainfall is evaporated 
Prom the surface Ix'fm'e it has had an opportunity to run off or to \ye 
absorl)ed by the ground. The proiwjrtion thus evaporated varies 
greatly in different parts of the world and under different eonditicms 
of season and tillage of the soil. The dry, hot winds, the scorekvivv; 
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rays of sunshine, and often the hot soil itself cause evaporatkiLl 
Summer seasons and arid climates are most favorable for rapid eTap^li 
oration. In countries where the rainfall is light, the climate wani,r 
and the soil barren of vegetation the little rainfall that does occuril 
largely evaporated, but in the lowlands adjacent to large bodies i\ 
water in cool climates, where the precipitation is abundant, the evap- 
oration is verj' light. The character of soil and soil covering alsohtf 
a great influence uix)n the rate of evaporation. A mulch of any ch»] 
acter whatever greatly retards the evaporating action. In cultivatrf 
fields a thin mulch of dust or of straw or other litter has this reUrd* 
ing influence, making the condition of tilth an important factor ii| 
determining the extent of evax>oration. 

RUN-OFF. 

The water which flows from the plains and hillsides down into tin 
streams has been calle<l the **run-oif." The percentage of total pre- 
cipitation thus disi>osed of depends upon a numljer of conditions, sixk 
as aridity of climate, amount of moisture alreadj' in the soil, rapid' 
ity of precipitation, and the general character of the ground upd 
which the precipitation falls. 

Other conditions being equal, the drier the soil the greater iti 
absorptive i)owers. An ordinary rain falling upon a dry, cultivated 
field will be almost entirel}' absorl>ed; but if the ground is already 
charged with moisture nearly all the rain will run oflf the surface and 
be carried away through the ordinary drainage channels. The per 
cent of the total rainfall which joins the run-off in humid climates is 
therefore much greater than in arid climates unless other condition 
modify the results. In general, therefore, the proportion of the totil 
rainfall which may be counted on for filling reservoirs in arid and 
semiarid climates is much less than in humid climates. 

The rapidity of precipitation is an important factor in the calcula- 
tion of the relative percentages of rainfall and run-off. A mild rain 
continued through many hours will give but little run-off, while th« 
same amount falling- in a fourth or an eighth the time will givei 
greatly increased run-off. Unfortunatelj' the climatic conditions are 
such in nearly all the arid portions of the world that what little rail 
does fall comes in the form of hard, driving storms. On the Greal 
Plains of America it is by no means unusual for a 2-inch rain to fall 
in as many houi*s, while instances are of yearly occurrence in which 
4 inches or more falls within one hour. Under such conditions almost 
all the water runs off, except in the most sandy places. 

The most important of all the conditions named affecting the run- 
off is the character of the ground upon which the water falls. A 
loose, porous soil will absorb a large portion of a rainfall, as vriW also 
a sandj' soil, while a close, compact soil sheds the greater part of it 
Here the geologic conditions of a countrj' become important. An 
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la composed principally of a close-grained shale* and a soil result- 
l therefrom, which generally has a compact clay subsoil, has inferior 
iorptive properties, while one eomiwsed principally of sandstone 
1 sand will let but little water run away. 

Phe flood plains of rivers frequently have little jwwer of absorption. 
times of overflow a thin layer of a fine-grained sediment is depos- 
it which is partially cemented by an organic mucilage produced by 
» decomposition of organic matter of one kind or another. This 
terial is almost entirely imx)ervious to water, a thin layer of it 
ng safficient to prevent downward percolation, no matter how sandy 
) soil is below. Illustrations of such conditions may be found in 
ny places along the vallej'S of the Arkansas River, the Rio Grande, 
1 other streams, particularly those which rise at high elevations 
1 have a strong velocity throughout their upper course and a low 
ocity farther downstream. 

3k times of freshet the muddy water drawn fix)m the streams into 
[gation ditches always deposits a film of sediment over the lx>ttom 
Ihe ditch, provided its fall is not too great. This fills the little 
lees between the grains of sand in the soil and renders the ditch 
ler-tight. Likewise, when such a stream overflows its banks the 
iddy water deposits a corresponding film of fine mud over nearly 
I whole of the valley covered by the water, a filling-in pwcess which, 
itinaed from century to century, forms an important part of the 
avial soils of the valley. Along the Arkansas Valley such an accu- 
ilation of silt has produced beds varying from 1 to or more feet 
thickness, a covering that \\ill scarcely let water pass through it 
til it is loosened by cultivation. The common methoil of making 
ervoirs in the valley is baseil upon the impermeability of the soil 
•rater, and such reservoirs require much less puddling to nmke 
(m water-tight than those in localities where more sand is present in 
I soil. 

Uong the Rio Grande the well-known adobe soils are of the same 
leral character. The adobe is a thin covering, generally from 1 to 
set thick, along the river flood plain, restiiig upon a mass of sand 
landy soil. A pool of water in such an adol)e soil'will remain in 
oe until evaporated; but should a hole be made through the adobe 
ering into the sand below, the water will quickly sink. 
Cany of the upland areas in different parts of the world were at 
» time the flood plains of rivers, and were more or less covered 
h such fine sediments, and now constitute close-gi*ained, compact 
Is, allowing but a small amount of water to i)enetrate them. Wind 
ion, too, often helps to produce an imi>ervious soil by blowing the 
er particles of dust away from some localities and lodging them in 
lers. Generally there is a compensating action here, for the 
trser materials left behind form a covering with a high degree of 
aorptive power, and therefore decrease the amount ot T\m-<>tl, 
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SOIL MOISTURE. 

A portion of the rainfall is consumed in keeping the soil moist 
The ground can yield no water unless a portion of it is more than 
moist. It is not the amount of water a soil or stratum liolds that is 
important, but the amount it will give up when penetrated. In 
reeent years considerable work has l>een done in determining tlw 
capacity of different soils to hold moisture. This is an important 
investigation in connection with agriculture, and in calculating tlw 
l>ercentage of run-off, but in connection with the problem of available 
underground water supply it is of less value, because it does not 
show the proportion of water that will be given up when tlie mat^ 
rials are punctured by the <lrill. In fact, the best character of 
ground for pnxlucing a good water supply is one which will not admit 
of a high percentage of soil moisture, but rather a soil that wiU 
readily yiehl almost all its moisture to the general water reservoir 
below. A sandy soil or a loose, open sandstone will gather large 
quantities of water from the rainfall and pass it down to the reser- 
voii-s Ijelow, where it is held available, while a soil witli a greater 
capacity for holding moisture will yield less to the pump. 

AVAILABLE GROUND WATER. 

Throughout the humid regions of the world, with few exceptioDS. 
water can be found everywhere within a few feet of the surface, so that 
it is the common experience to obtain water for domestic uses by dig- 
ging from 5 to KM) feet. This condition is so common that the masses 
of mankind throughout the humid areas of the world have come to 
look upon it as certain, and rarely give it any special consideration, 
and the industries and oi>erations of civilized nmn are based uiK)na 
belief in the perpetual continuance of such condition. 

The available ground water in all localitii^s and under all circum- 
stances is the residue of the rainfall after the portions mentioned! 
above — the evaporation, the run-off, an<l the soil moisttire — havel>een 
deducted. Each of them must be supplied, in whole or in part, l>efore 
any available g^-ound water can exist. In many places there is an 
underground movement, so that the available water under a given 
area may Imve fallen only in part as rain tipon the surface* at thai 
place; yet somewhere and sometime it must have fallen as rain, some 
of which was evaporated, some carrii»d off by the drainage, some heW 
as soil moisture, and the remainder sunk below the surface, below the 
reach of growing plants, and held in an underground reservoir, in\it- 
ing the spade or the drill to discover it and the pump to lift it to the 
surface. But even yet the wastes are not satislied, lor i)orti(ms of 
this underground water ai*e carried by tmderground drainage to the 
surfaces of ravines and bluffs, bursting forth as springs, and thus join- 
in^ the general body of the run-off. 
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GEOLOGIC CONDITIONS GOVERNING GROUND WATER. 

The stratifie*! inieks of tlio t»artli aro a ht^terojjft^noous mass of mat- 
ter arranjred in layers om^ above aiiotlier. The sli'ata are not coex- 
tensive \v\th the surface of th(» earlh, but some of them occur at one 
lilaee and others at other phices, eacli lappinjr under or over its neigh- 
bor, quite like sliingles on a roof. Some of the strata are composed 
of loose, porous material, such as sandstone or badly fractured lime- 
stone, so that water can readily pass t hrough t hem. ( )th(M's are formed 
fi"oni th«' accumulation of finer sedim(»nts, such as clay and the finest 
of silt, while still other parts of the earth arc composed of the crystal- 
line rocks, such as granite, porphyry, an<l sy(»nite. Xo substance 
known forming a constituent part of the earth is entirely imp(M*vious 
to Avater. The solid granite and the compa<M limestone and marble 
alike have moisture within them, commonly called ''(juarry sap," 
showing that water penetrates them. Compact, plastic clay is perhaps 
al)out as g(MMl a n«nicondu(*tor of water as is known, while beds of sand 
and gravel are at the opposite extreme, allowing water t<> pass through 
them with relatively little resistance. Tin* surface of tin* grouml 
almost everywhen* has a covering of residual soils, sands, and clays, 
vaiying from a few inches to many feet in thickness. This usually 
lias high absori»tive power for water, so that a large amount is ivceived 
from the rains as thev fall. 

When tin' surface water comes in contact with the j)orous strata it 
is absorbe<l an«l imme<liatelv Ix^irins moving downward, or as nearlv in 
that direction as possible. Sooner or later it comes in I'outact with an 
impervious stratum below, and thereafter can only move laterally 
down the incliintof that surface. The rapidity of motion will now 
depend principally upon two conditions — the angle of inclination of 
the impervious surface and tin* degree of porosity of the material 
through which the water moves. Should this be a mass of gravel (»r 
ssmd or porous .sandstone, the motion will be sutlicicnt to be easily 
d€*tected, and .somewher<» farthei- down the water will reappear as 
springs or s(M'ps, supplying the sti'(»ams with '* living" watci*. It 
matters not whethei- this ])oi"ous stratum is on the surfac<* of the 
groinnl in the form of a s(»il coveiing or whelher it is dec[)ly buried 
by imiHM'vious lay<'rs. the water movement within it will be [tract i- 
cally the same. Wii<»n the latter condition j)revails and a sullicient 
head is pnMlucetl, a well drilh»d thi-ough tin* upper an<l impervious 
layei'S allows the water to rise through the drill hole, and an artesian 
well results. \Vhei*e the porous layer is on the surface, as is often 
the case on the Great Plains, no pressure oi- hea<l can 1m» produced, 
for the water is simply running dr»wn an ini'liinMl surlace with nothing 
above to prf*vent it from rising, so that it would be comparable to 
water flowing <lown a wide open trough. 

A goo4l illustration of this latter condition is found near the Tni- 
vei*sity of Kansas, at Lawrence. In IS'.r.) t\\e vuuvv^ysWn; vv\v\\\w\\Afe^ 



16 UNDERGROUND WATERS OF SOUTHWESTERN KANSAS. l^o-t- 

decided lo own their own water supply. An JnvestigHtiou was there- 
fore made to ascertain whether a siiflident supply could be had within 
H reasonable distance of tlie building. It was found that on the sontli 
Bide of the hill a large amount of debris pivKluced by the decomposi- 
tion of the limestone and shales of the hill had accumulated on the 
hillside, and that it was well charged with water. Fig. 1, drawn to 
scale, shows the conditions. The hill is composed principally of n 
fine-grained impervious shale, with a limestone niaiss (A) on top. At 
the boiler house, 300 feet south of the brow of the hill, the debris wae 
found to be 40 feet deep. A well dug here (B) during the driest part ot 
a dry year showed that the amount of water was not very considerable. 
At points farther down the hillside the water was more abundant 
Finally, a large well was put down at the point C, 1,(X)0 feet south of 
the brow of the hill, and galleries about 6 feet in height were run both 
east aud west, just on top of the uudecomposeil shale, lo intercept the 



Fio. 1.— DlatfTBinmiiUc sec-tiou of bill nt Lawrence. RBOBsa. 

water as it moved down the sloiw aud drain it into tho well. It 
reasoned that this gi-eater distance from the suumiit of the hill 
necessary because the gatheriug area above the boiler house was so 
limited that an insufgcient amount of water would be obtained at that 
point, but that with the added distance to where the well was finallv 
located a gathering area of sufficient extent was passed, consideruig 
that the average rainfall at Lawrence is a little more than 35 inches 
annually. Southward the thickness of the debris gradually decrea.s«, 
BO that a mile away it is only an ordinary soil above the undeconiposeJ 
shale. Were the debris a mass of coarse sand, similar to that so ofleit 
found in the western part of the Stale, without doubt the water would 
soon all run down the hillside and appear as springs in many places; 
Ijutthe debris from n niassof shale is principally a clay, which lets tbe 
water through it very slowly, and therefore its southward Diovement 
is so slow that litUe reaches the extreme southern limit of the d^bri& 
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et in the vicinity of the well a water supply Ih found Bufflcient to 
"oduce 5,000 gallons a day alinosi all tlio year, and l(),rHX) in wet 
Bather, an amount which could he incrca>io<l indclinitely by extending 
le east-west galleries. 

Here we have a gooil illustration of the undcM'jrround water plane 
ftving a very concave surface facinji: npwiinl. Instead of the water 
ing in the form of an underground lake, with a h^vel surfa<*e, it is a 
ass of water held in the clay in such a manner that, its upper sur- 
ice is nearly parallel with the highly inclined surface of the ground. 
Te may si)eak of the clay within the body of water as being nuire 
lan saturated, using the term saturated to mean holding a water 
>ntent just equal to the largest amount the clay can hold without 
eing compelled to give up a part of it whenever* an opening is made 
ito it. When the clay is in this condition and more water is added 
> it, this extra amount will run out into the opening made. 

As the well at the point C was b<»ing dug it was noticed that the 
lay was moist almost from the surface, but that no water came into 
kie well until it had reached to within al)out r> feet of the undecom- 
osed shale. Here the point of saturation was reached, and any 
reater depth passed clay which was more than saturated, that is, 
ad more water within it than it eould hold back from running into 
he well. This extra amount in excess of saturation is the available 
rater in all cases. It is that which has an un<lergr(mnd movement, 
nd which is available in so many parts of the world as .supply 
or man. 

In the area under consideration, in the western part of Kansas, we 
.nd conditions remarkablv similar to those just described for Law- 
ence. We have a broad (expanse of <*()un( ry on which rain falls, and 
as been falling since the close of Tertiary time, and possibly longer. 
Tie surface of the ground is usually well a<lapte(l for the absorption 
f large amounts of this rainfall. After absorption the water obeys 
he laws of gravity and moves downward, excei)t such portions as 
re used by the growing vegetation and for moistening the soil. The 
omainder continues downward until it nu»ets with a stratum which 
I so nearly impervious that it is almost entirely arrested, after which 
J moves slowly along the upper surface* of the impi^rvious tloor in a 
lanner similar to tlie water in the clays at Lawn^K^e. This floor 
es at varying depths in different parts of the (4reat Plains area, 
9metimes so deep that the upper surface of saturation can not be 
cached within 200 feet, while at other places it comes entirely to the 
urface of the groun<l. 

LOCATING GROUND WATER. 

The ability to locate ground water is a <iualification desired by 
aany and possessed by few who do not understand the principles 
)oveming ground- water movement. The "open sesame" of myth- 
(sal times gave way to the wand of the wizard, au iuatr\im^A\\» %\^ 
JBB6 2 
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employed in many parts of the civilized world, usually in the form of 
a forked twig from the bough of a tree, but occasionally a branch, 
forked or otherwise, from the bough of some particular tree or shrub. 
In a majority of cases, predictions in humid climates made by the 
use of the wand prove t-o be correct unless impervious material is met 
with in digging, for the whole ground is more or less saturated with 
water. 

As above stated, the water which falls as rain or snow is partially 
absorbed by the surface materials and starts on its downward course 
under the influence of gravity. The laws governing its movements 
are identical with those which govern the movement, of surfac*e water. 
When impervious material is reached the water is arrested in its 
movements unless it can pass down an inclined plane, the surface of 
the impervious mass. If limestone or granite or other solid rock is 
reached, the water will follow the fissures in the rock, and will often 
ultimately be brought to the surface as springs along ravnnes and 
hillsides. 

The proper way of considering the matter is to look upon the 
whole of the subsurface part of the ground as containing available 
water except where impervious materials exist. If a hea\'^- bed of 
shale is found which is close-grained and compact, it is useless to look 
for water within it. Many examples are met with in mining opera- 
tions which illustrate this, a few of which may be cited. In mining 
for rock salt at Lyons, Kansas, a mass of loose surface material was 
found to extend downward for nearly 300 feet. This was so thoroughly 
charged with water, particularly near the bottom, that it interfered 
seriously with the mining. Below this a bed of fine-grained Permian 
shale was reached, in which the salt is found. This shale is particu- 
larly imi)ervious to water, as is shown by the fact that no water has 
come into the shaft since the surface water was shut out, although the 
shaft is 1,000 feet deep. Similar conditions are found in drilling for 
oil and gas in Kansas and elsewhere. Often a heavy hed of sliale or 
a solid body of limestone is met which has no water whatever within 
it. The gas fields of Indiana likewise have similar conditions. Here, 
after passing through a few hundred feet of water-bearing materials, 
a 300-foot bed of fine-grained solid shale is found lying immediately 
over the Trenton gas-bearing limestone. This shale is imperv^ious to 
water, and lets none of the surface water pass downward through it^ 
and none of the deeper-seated water pass upward. It is so dry that 
water has to be added while drilling in it. 

The existence of such shale beds, or beds of other impervious 
materials, can generally be recognized by the geologist by surface 
conditions if he is familiar with a sufficiently wide range of country; 
otherwise the drill is the only means of discovering it. Wherever 
large masses of such materials, or of granite or other solid and imper- 
vjous crystalline rock, cover a wide extent of country, the only hope 
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I finding ground water is along the ravines and hillsides, where a 
ifElcient amount of surface debris has accumulated to hold the local 
ftinfall, as already explained for Lawrence, Kansiis. 

Where liuiestone is the prevailinj? rock it usually has so many fis- 
ures that water finds its way into them and works <lownwanl an<l 
ut thi-ough openings along the ci-eeks and bluflFs, so that nni(»h of it 
nally joins the run-off. Under such conditions well digging is haz- 
rdous, often resulting in failure. It is here that the term ''vein" 
f 'Water is applicable, a term which is generally used indiscrimi- 
lately, whether the water occurs in veins or in broad beds of water- 
learing materials. Here the *' water wit<»h" is in most demand. 

In such countries can»ful observation of surface eoiulitions will 
isually yiehl gWMi results. The water slowly but sundy dissolves tlie 
imestone, so that a falling in of the materials alK)ve to an appre- 
ciable degree is frequently notice<l, often resulting ultinmtely in the 
prodiictit)n of a ravine of considerable siz<». The number of fissures 
Silong the bluffs will give some id(»a of the abundance* of fissures gen- 
erally, and therefore of the probability of one Ixdng found where a 
well i» desired. But best of all and surest of all in such localities is 
it to search for places where the surfa<*e covering is heavy enough to 
hold the surface water. Few places in humid climates can be found 
where this is not sufficient for all ordinary purposes. Hy far the 
greater proportion of all the well water and spring water of the world 
comes from this source. On the great plains of western Kansas the 
sarfaee covering is generally abundant and heavy, an<l holds surpris- 
ingly large quantities of water. To give a detailed description of the 
water supply of a limite<l i)ortion of the i)lains of Kansas is the object 
of this ]>aper. 

GKOGKAPIIY OF THK AREA. 

The area discussed in this report is lo<*ated in southwestern Kansas, 
and covers 1 degree each of latitude and longitiule. It is lK)unded 
on the east by the one hundre<lth meridian west from Gi'cenwich, on 
the west by the one hundred and fii*st meridian, on the south by the 
thirty-seventh parallel, and on the north by the thirty-eighth. It 
includes all of Meade County, nearly all of Sewanl, Haskell, and Gray 
counties, about one-thinl of Ford County, and one-fourth of PMnney 
County. Its eastern limit is approximately the line between ranges 
24 and 25 west of the sixth principal nn^ridian, and that on the west 
side near the middle of rjinge 34. Its south line is alnuit the middle 
of township 35, and the north line is the line lx^twt»en townships 23 
and 24. It is, therefore, approximately 50 by 01) miles sc^uare, equal 
to about 3,864 s<iuare miles, or about two and a half million acres. 
It corresponds to four of the Uniti'd States Geological Survey ciuad- 
rangles, known as the Meade, Dodge, and (Tarden, and the one south 
of the Garden, not j'et surveyetl. 

The Arkansas River enters thisai'ca at ttve uoxWrK^^V wcA ^v«%k 
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across it in a southeasterly direetiou, passing out 10 miles south of the 
northeast corner. The C'iniarn)n River passes across the southwest- 
corner of the area, heaving the State near the middle of the southen 
boundary, but flows near the south line throughout the remaining dis- 
tance to the one hundredth meridian. There is but cme other strean 
of any considerable consequence in the area, C'rooked Creek, a strean 
which rises near the central part and, after meandering in h manner j 
indicated by its name, enters the Cimarron just south of the State 
line, near the southeast corner of the Meade quadrangle. Aside from 
these streams, a few lesser ones occur in the northeastern part of the 
Dodge quadrangle, which drain northeast into the Paw^nee — such as 
Duck Creek, the Sawlog, and the Buckner. 

A fair idea of the elevations of the area under consideration maj 
be gained from the following data: The Arkansas River on the east 
border is 2,400 feet above sea level, and at Sherlock, in the extreme- 
northwestern corner, its level is 2,800 feet, the river making an aggre- 
gate fall of 400 feet while crossing the area, llie bluffs imniediatelf 
north of the river at Dodge are 2,0(X) feet high, while in the extreme: 
northeastern part the elevation is only 2,400 feet, or the same as that of i 
the river at Dodge. The southeastern corner of the Meade quadraih 
gle, near Englewood, has an elevation of 1,900 feet, and the southwest 
comer of the area, about 4 miles west of Liberal, has an elevation of 
approximately 2,000 feet. It is therefore a plain, or table-land, wilk 
the western edge nearly horizontal, sloping to the east with an average! 
rate of about 7.1 feet per mile along the north end and nearly 17 feet! 
per mile along the south. 

The eastern border, therefore, slopes toward the south, making the* 
southeast corner much the lowest part of the whole area. The eleva* 
tions immediat.ely adjacent to the Arkansas River are greater thai( 
can be found either north or south, except those in the southweek 
corner of the area, where we have higher land than exists along tbe- 
river. 

PHYSIOGRAPHY OF THE AREA. 

GENERAL CONDITIONS. 

The general physiographic features are those of a broad peneplaiij 
sloping gently to the east, into which, at different places, channels { 
have been worn by recent processes of erosion. All the streams with 
their tributaries, except Arkansas River, appear to be mere chanodsj 
cut down into the general plain. The Arkansas, on the contrary* 
throughout the most of its course within this area, seems to be aehafi- 
nel cut into a ridge extending from west to east, as though at omi 
time the river had built its banks higher than the land on either sidflj 
and had subsequently deepened its channel and produced a flood plaili 
averaging more than 2 miles in width. Both east and west of hcafj 
the conditions become more nearly normal, iis is shown by tributaritfj 
entering the river from both sides. 



lAWORTH.] t»HY810QRAPHlr OP THE AR£A« 21 

Xorth of tlie river, where the surface slopes to the northeast, tlie 
lortheastern drainage often approaches to within a mile and a half 
>f the Arkansas River. The almost complete al)senee of any tribu- 
taries entering the river from the north is remarkable. On the south 
ihe conditions in this respect are not ([uite so <»xtraordinary. A strip 
>f eoimtrj' varying in widtli from 4 to 18 miles is covered with masses 
if 8a lid, which have been blown bv the winds in recent times into 
sxceedingly irregularly shaped hills and hillocks. Throughout a part 
>f this area tributaries of the river rise from <> to lo miles south and 
P^ork their way through 1h<» sand hills to the river. In most instances, 
jven on the south, tlie drainage toward the southeast api)roaches sur- 
prisingly close to the bluffs on the south side of the Arkansas River. 

In the northeast portion of the Dodge (luadrangle the drainage is 
dl to the northeast, the waters of which ultimately enter Arkansas 
River, near Larned, through the Pawnee. As the surface is inclined 
folly 10 feet to the mile, th(»s<^ little tributaries have cut their chan- 
nels from ICK) to 150 feet de(»p, and present sometinu\s almost precip- 
itous bluffs, which Ijound the narrow flood plains of the different 
rtreains. 

Over all the southern two-tliirds of the area under consideration the 
drainage is entirely to th<^ southeast. The inclination of the surface 
in this direction is quite rapid, averaging along the line from Santa 
ye through Meade to Englewood more than 1(> feet to the mile. The 
j^neral api)earance of the wlioh* <M)untry is that of a broad, level plain, 
with almost no .variations of any kind, except here and then^ where a 
tributary of the CUmarron or of (/rooke<l Ci'eek has worn its channel 
downwai'd into the plain. Thes<^ channels are usually <iuite narrow, 
with very rugged bluff lines, produced by tin? channels being cut to 
.depths of 10<;) to 150 feet, and in extrenu^ cases to greater depths. 

■ 

■When one is standing on the plain the whole country appeal's to be 
level, but to one in a valley of a stream the bluff lines are so rugged 
and so varied that almost w mountainous asi)eei is presented. This 
is particularly the case along tin* (Mnmrron in the vicinity of Arka- 
lon and along Cr<x)ked Creek and its tributaries almost anywhere 
below Meade. 

CIMARRON RIVER VALLEY. 

The vallev of the Cimarron rarelv exceeds 2 miles in width through- 
-out its course acn)ss the ^feado (|uadrangl<% but it has scarc(»ly passed 
'' be^'ond thes<j» limits wIkmi it suthlenly widens to an unusual extent. 
'Beginning a few niil<\s above Knglewood, it has a valley more than 5 
^iles wide. North of Englew^Mwl is a valley, f)r an area which s<»ems 
■~to be a valley of erosion, 10 or 12 miles wide, now <*overed to vaiying 
^pths with sand which has a very little silt and soil intermingled. 
JSneh a wide valley apiwaring so suddenly along the C4)urse of a stream 
fa very interesting, as it« origin is hard to determine. The bluff lines 
BE^rming the western and northern boundaries coty^h\^tv^ t%\!Gl^t\sl»X^^ 
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with those on the south side of the Cimarron. The general appear- 
ance of tlie valley, only a small portion of which is west of the one- 
hundredth meridian, is that of a valley of erosion, with the sandhilb 
representing the residual sands left liehind after the surface drainage 
had carried away the finer silt and clay. 

The Cimarron seems to have reached base-level and to have begnn 
meandering across its flood plain. Beautiful oxbow curves are fre- 
quent, and a sluggish nature is everywhere manifest during times of 
low water. Tlio lesser tributaries usually have deep, narrow valleys, 
except near where they break through the bluff lines into the Cimar. 
ron. Here they often widen into surprising forms, and generally have 
their flood plains strewn with residual sands retained from the Tertiaiy 
beds of sand and clav. 

CROOKED CREEK VALLEY AND FAULT. 

Crooked Creek, the third largest stream in this area, has some anom- 
alous features which make it interesting. It rises in the eastern part 
of Haskell County and flows almost due east to near the little village 
of Wilburn. Here it suddenly turns to the southwest, making an 
angle of about 60° with itself, to about 20 miles south of Meade, where 
it beai*s southeastward to its junction with the Cimarron River. The 
sharp angle in its course at Wilburn and its southwestern course 
between Wilburn and Meade, across a country with a maximum incli- 
nation to the southeast, are anomalous for a stream in southwestern 
Kansas. The area in the southeastern part of Meade County is gashed 
here and there with lesser drainage channels, all of which drain to 
the southeast in lines approximately j)arallel with the lower part of 
Crooked Creek. Some of these lesser channels rise almost on the eastr 
ern bank of Crooked Creek, leaving an unaltered table-land along the 
eastern bank of the creek, often little more than a mile in width, as 
is well shown on the Meade toiK)graphic sheet. 

These peculiar physiographic conditions in the vicinity of Crooked 
Creek, in connection with geological data gathered from wells, led the 
writer to conclude that local deformation had produced them, and a 
preliminary notice of the same was published,^ from which the follow- 
ing extracts may be taken : 

The bluff lines along Crooked Creek are quite interesting in character, particu- 
larly below Meade. Throughout the portion of its course where it flows east the 
bluffs on either side of the creek are not especially different from the ordinary. 
Tributaries from the north are most numerous, but quite a number are found 
entering the creek from the south in the northwestern part of Meade County. 
Farther east, opposite the artesian area, no tributaries of any consequence are 
found on the south, while arroyos of greater or less size are found every mile or 
two on the north. For 20 miles below the sharp angle at Wilburn scarcely • 
tributary as much as 2 miles in length enters from the east, while below Meade 
the drainage streams flowing southeast to the Cimarron rise almost on the verg* 
of the eastern bluffs of Crooked Creek. Throughout this distance many tributun'tf 
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enter from the west, the most important being Spring Creek, abont 12 miles long, 
and Stamp Arroyo, nearly as long. 

The general character of the uplands is that of a broa<l plain inclined to tlie 
sontheast about 10 feet to the mile. The various drainage channels are cut down 
into this plain, generally pn^U('in;jr abrupt biiilVs on each side. From Wilbum 
to Meade, however, the bluffs of Crookeil Crt^k are far apart, with the whole of 
the artesian area l»etween. Below Meade the bluffs on the east side of the creek 
are high and abmpt, often l)eing almost i)rec-ipitous in character. They have a 
decidedly new appearance, as though the erosion wliich i>ro<luced them was very 
modem. Almost none of th«' rounde<l fi»riiis of old aj:** are to l>e found. Imt the 
angnlar points and steep walls of recent formation are everywhere i^resent. On 
the western side there is a gently slopin.:; l)lain stretchimr from the (rret»k to from 
1 to 5 miles away, producing an apjiearance scarcely duplicated within the State. 
The general upland plain from s to V2 miles to the west of Crooked Creek both 
physiographically and gv'oloi^ically corn sjionds with the ])la*.n on the east of the 
creek, which approaches to within less than a cjuartor of a mile of the cnn'k val- 
ley. The general appearance from Meade southward is that of a fault, with the 
iirestem wall dropx)ed and ( Vr>okp<l Creek occupyiiij>: a i>i»8ition «»ver the fault line. 
Northward the whole artesian valley sivius to have In^eu dropj)e<l downward, 
leaving an abrupt wall on the west and a more gentle wall on the ea.st. StJinding 
anywhere in the valley, one can see the wall all around. On the west it is con- 
siderably over 1(K) feet in height, while to the (»:ust it is somewhat less, but still 
very xwrceptible. We have here a valley occupying al>out <k) square miles which 
is BO diiferent from anything el.se known in this iwirt of the country that it is 
exceedingly difficult to explain its ori;^n l)y attributing it to i'n»sion. The peculiar 
position of the creek is likewi.se hard to ex])lain by ordinary erosion. The sharp 
angle at Wilbnrn and the southwestern dire<*tion for nearly 20 miles across a 
plain sloping to the southeast Jire certainly very remarkable, and i>robal)ly have 
a caosc different from that which rirdinarily determines the hx-ationand direction 
of streams. Bnt if in iK>8i-Tertiary times a triangular area etjualing in size and 
position the present artesian area could have dropiM'd loo feet or more, with a 
single fault line extending southward to l>»yond the limits of Kansas, thereby 
changing the direction of Crookeil Creek into the pn?sent channel Inflow Wilbum, 
the general ph3r8iographic conditions could easily be a(rcounted for. 

It should be added that there is a cliain of wet-w«?ather lakes reaching eastward 
from Wilbum to the north of Miimeola which may represent the former channel 
of the eastward extension of Cr<K)ke<l (.'r<H.'k. An examination of the country 
lends more color to this view than (;an Ik? gained from the United States topo- 
C^raphic sheets, for :20-foot contour lines often fail to represent physiographic 
oonditions of great importance in such studies as these. 

Along the upper part of Crooked Creek, from a few miles above 
Wilbum, the general condition.s are those of a stream that lias not j'et 
reached base-level. In the artesian area and at all points below, the 
creek hasa valley of considerable wi<ltb and the general appearance 
of a stream which has long ago reaebe<l its base-level. The numerous 
ox- lx)w curves, due to the migration of the ebannt^l, are everywhere 
present. In addition to this, it is generally found tliat it has built up 
its banks until they are higher than tln^ adjacent valley.s. This is true 
to a perceptible degree almost entirely through the ai'tesian Aalley, and 
18 also true, but to a less extent, in the valley below Mea<le. 

The general uplands of the area under consideration have the appear- 
ance of a broad peneplain which lias Ix^en so elevated that a new set 
of flood plaius is now being pro<luoed alouR l\\c \av\v>\\Vi v\\ta\\\^jV?s. \w 
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the western part the inclination of tlie surface is uniform and gentle, 
and but few channels of any description are found. The rapid incli- 
nation of the surface to the southeast throughout nearly all Meiide 
C3ouTity and the southern part of Seward County gives so great a fall 
to the streams that their erosive action is more pronounced, and con- 
sequently the surface has been changed to greater depth and a corre- 
sponding rugged topography produced. The rainfall is so meager that 
few of the streams have water in them as much as a quarter of the 
year. Those which have worn their channels deep enough to come 
into contact with the general underflow water have springs and seeps 
in great abundance along them, and p(x>ls of living water throughout 
the entire year. This wearing down probably has occurred, liowever, 
since the main part of the erosion was done, and consequently has 
exerted but a limited influence on the general physiographic features. 

SAND DUNES. 

One of the interesting topographic features frequently observed is 
that produced by the sand hills or siind dunes. On the south side of 
the Arkansas, throughout its entire length in this area, a strip of 
country varying from 4 to as much as 15 or 18 miles in width is cov- 
ered by loose sand which has been blown by the winds into the hills 
and hummocks so common in sandy countries. The area is exceed- 
ingly iiTcgular in its southern boundary. In some places it is not 
more than 3 or 4 miles across, while in others the distance is mnch 
greater. Near the western side of the Garden quadrangle the sand 
hills reach southward from the river almost uninterruptedly to within 
Haskell County, a distance of from 18 to 20 miles. Immediately 
south of Garden the sand hills extend only about 7 or 8 miles, where a 
strip of country is reached on which there is but little sand. But 
farther cast, through the eastern tier of townships in Haskell County 
and Finney County, another southern projection of the sand hills area 
reaches from 12 to 15 miles south of the river. Still farther east, in 
Gray County, south of Ingalls and C-imarron, the sands likewise 
extend from 12 to 18 miles south of the river, or to within 5 or G rnile^ 
of Montezuma. Kiist of this area again, throughout the remainder 
of the Dodge quadrangle, the siind hills area gradually contracts in 
width, so that immediately south of Dodge it is only 4 or 5 miles in 
width. The extent and location of the sand hills are well represented 
on the topographic sheets of the Tnited States Geological Survey. 

In most places, both north and south of the river, outside of the 
area of river sand hills, relatively little sand is found on the uplands. 
In the vicinity of Wilburn and Fowler, however, eiist of CnK)ked 
Creek, an area of sand hills exists, covering 50 square miles or more, 
which has a general appearance similar to that of the river sand hills 
area. Tlie chara(»ter of the sand is practically the same, and in most 
respects the conditions south of tlie Arkansas River are duplicated. 
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Again, in the southeast imrt of Meade County, in the liroail Cimarron 
Valley to the north of EnglewiHwl, an aiva of fmiii 1:? to is miles in 
width is eovere<l with sand dunes whi<*h are praetieally the same as 
those on the south side of tht» Arkansjis. Tlie whole fa<*e of the eoun- 
trj' here for many mik*s up and down thr Cimarnm Hiver, except 
some irregularly shax>ed art^as, is <*overetl with the san<l. lluM^xeep- 
tions referreil to are i)eeu liar and interest in;r. The jrreater part of 
the valley oeeupiecl by Colonel Perry's i-ancli has V)ut few sand hills. 
Here we have an area 4 or o miles aei'<.)ss. lyin^ between the siind hills 
proper and the Cimarnm River, the jreneral eharaeter of whose soil is 
that of the alluvial soil eommon to the fliKMl plains of rivei*s. Far- 
ther down the river to tlie east the >and hills approach almost to the 
river l>ank. 

To the north of Englewooil, whei'e the sand hills are I )est developed, 
a portion of which territory lies within the Meaile quadrangle, the 
sand practically covers the whole face of the country. It is blown 
into hills and valleys, irivgular in outline and position, with no 
apparent indication of the directions fi-om whi<*h the principal winds 
came. Here and theix* the siind is still blowing, pnKlncing barefaced 
hills with no vegetable <.*overing, showing that the movement is still 
in progivss. The greater part of the surface, howt»ver, is well cov- 
ereil with vegetation, which implies a cessiition of the sand move- 
ment. The principal sjind dnnes seem to ])e residual in character — 
masses of sand left lKdiin<l after the liner parts have been carrietl 
awav bv wind and water. For a fuller tn*atment of this subject the 
reader is rcfernMl to a <lis<.*ussion of the Physical Properties of the 
Tertiary, by the writer, in Volum«» II, University (ieoh»gical rSurvey of 
Kansas. 

PECULIAR ARROYO EROSION. 

A ix'culiar form of valley erosion is notice<l Ihniughoiit western 
Kansas, a form tlius far unobserved elsewhere by the writer, and one 
upon wliich no literature seems to exist. The lesser tributaries to 
the principal drainage channels in their uppermost cours«» fre<iuently 
are quite void of water almost the entire year. As a result of this, 
buffalo grass or blue stem entirely covers the lM)ttom of the arroyf)S. 
Such arroyos usually are from '»<• to :?<m) ft»et in width, even to their 
very sources. The peculiar and chara<*teristic f(»ature of su<*h arroyos 
is the .shape of the bank at the margins. In almost all instances over 
the whole western part <»f Kansas such arroyos have a vertical wall 
at the outside part of the bank, varying in height fnMii '2 to '{ feet to 
a minimum of only a few inches. The wh<ile lN>tlom of thearroyo is, 
as a rule, covere<l with gniss, and seems to have no (rorrasion marks 
along it. lUit on the outer iKinlei's the arroyo is s<»parate<l from 
the main upland plain by the vertical wall. This featuiv is some- 
times notetl to a limite<l extent along the little sink holes which are so 
abundant in this i>art of the country. Some of tliese de^res&iou»i.^ 



26 UNDERGROUND WATERS OF SOUTHWESTERN KAN8NS. [sal 

measuring? no more than 10 or 15 foot across, have the buffalo gni» 
growing all ovor them, and have thoir walls assuming tliis vertical 
character, in every rosix»et similar to the walls of the arroyos. 

These interesting features of th(» physiography of the Tertiary i)lain8 
seem to have been caused by the underground creeping of the looser 
sands <and (»lay which are not held together by the grass roots of the 
sod. As water is so rare in the arroyos, the conditions are as favor- 
able for the growth of vegetation in the lM)ttom of the arroyos them- 
selves as on the uplands. When the rains come, the ground is softened 
probably more in the arroyos than elsewhere, and is thereby made 
more easily movable. The existence of the water is of so short a 
duration that the mechanical action of its How is not sufficient tocoi^ 
rade the surface. But as the inclination is generally quite steep, and 
as the water softens the clays and siinds, gravity will cause a slow, . 
but constant creeping downstream of the nuiterial which is not hdd { 
in place by the grass roots. In this way the effect is similar to thai 
which wouhl l)e prcxluced were a blankt^t s])read from bank to l»aDk 
of the arroyo, a blanket which was not r<Mnovod or carried awayhy 
the drainage, but which would allow the grounds b<*neath to become 
softened and creep downstream by the influence of gravity. The 
blanket in question would move vertically downward as the material 
beneath it was carried away, and the V(»rtical walls at the outside of 
the blanket would be maintained, constantly gnawing higher as the 
materials from beneath Mere removed l>y the downward creeping. 

GEOl^OGV OF TIIK AIIEA. 

The general geology of this part of the State is now fairly well 
known. Excepting a few small portions in the southeast, the whole 
area is covered with Tertiary sands, gravels, and clays. ITie lower- 
most fornmtion is the Red Beds, which are exposed along a few of the 
bluff lines aiul in some of the lowest valleys in the extreme south- 
eastern part of the Meade <iuadrangle. Farther to the east, in Clark 
County an<l beyond, the Comanche overlies the Red Beds. This 
formation thins westward, however, so that only a few feet of the 
black Comanche shales is found anywhere within the Meade quad- 
rangle, and that in the extreme eastern part. It seems entirel}^ to 
disappear westward, as no traces of it have been found. Al>ove the 
Comanche lies the Dakota, a formation consisting largely of sand- 
stone. It is not exposed at the surface anywhere within this area, 
but has been rimched frequently by wells, and is known to exist both 
to the east and to the west, so we are sure it is spread over the whole 
of the northern and central parts. The Dakotii is followed by the 
Benton, which is largely a limest^)ne formation consisting of beds of 
limestone alternating with black shale. It is found exposed at the 
surface in a few of the arroyos of Crooked Creek and along the Saw- 
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log in the northeastern part of the Dodge quadrangle, and it probably 
underlies the northern part of the Meade quadrangle. C\)vering the 
whole of these is the thin mantle of the Tortiary sands and gravels. 

RED BEDS. 

The Red Beds cover wide areas in s()iith-(»entral Kansas. "Hiey 
occupy the surfac^e over the greater part of Clark, Conianeho, and 
other counties to the east as far as Sumner Count v. Thov <»xtend 
westward into Meade County, and are found at or mNir tlio surface 
over live or six townships in the extreme southeast corner of the 
Meade quadrangle. The broad valley around Englewood, which 
reaches northwest almost to Cash City, has the R<h1 Beds for its floor. 
The Tertiary sands and gravels are irregularly scatt(M*ed over this val- 
lej', in some places as much as 50 or 1(K) feet thick, while elsewhere 
the Re<l Beds are exposed on the surface. They constitute the main 
mass of the hills and bluffs to the west an<l northwest of Englewo<Kl, 
but on account of the Tertiary capping of the hills and the Tertiary 
sands and gi*avels in the valley Ixjlow, when rei)resented on the map 
they appear as narrow strips winding back an<l forth thnmgh the 
coarse of the various lesser tributaries, unless, indeed, the thin cov- 
ering of the Terliaiy in the valley should be neglected, and the whole 
represented as the Red Be<ls. They are exposed in the bluffs on both 
sides of the Cimari*on at Knglewood an<l on Inith sides of Crooked 
Creek as far up as Odee post-office, the farthest northwest exposure 
known covering a small area on the east bank of Crooked Ci*eek about 
3 miles alx)ve Odee. 

Tlie character of the upper surface of the Red Beds is interesting 
on account of the great irregularities which it presents. ^Vn exam- 
ination of section 1 of PI. IV will show that the surface of the country 
drops rapidly southward from near 3Iinneola, and that the surface of 
the Red Beds likewise drops, inasmuch as it is about parallel to the 
general sui-face of the country. Aside from this rapid inclination 
southward there are other local irregularities. In the Cimarron Val- 
ley, where the whole surface is covered by a layer of the soil and 
silt from 10 to 15 feet deep on an average, occasional places have l>een 
found in well drilling where great depressions exist. At <me farm- 
house, on the land of Colont^l Perry, a well was sunk to the unusual 
depth of 175 feet without reaching the Red Beds, while less than a 
half mile away they are exposed almost at the surface. Such irregu- 
larities are probably due to surface erosion in pre-T(»rtiary time. 

Another irregularity is present which is probably of a different kind. 
As just stated, the Red Beds constitute the main part of the bluffs 
on the eastern bank of Cr<K)ked C'reek from Odee to its junction with 
the Cimarron, and on the left bank of the CUmarron a few miles below. 
On the west bank of Crooked Creek the Red lieds are not found. 
Neither are they found on the south side of the Cimarron until ai)oint 
is reached near the mouth of Crooked Creek, or almost in line with 
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the trend of the k)wer part of Crooked Creek, when suddenly they 
appear on the south side of tlie Cimarron in forms as massive and 
prominent as those on the nortli. This remarkable condition of the 
location of the Red Keds along Crooked Creek has already been 
referred to in these pages, and has been explained by assuming a 
fault line to exist along Crookeil Creek, with the strata on tlie west- 
ern side dropped to an uYiknown distance, at least 100 or 150 feet. 

In constitution the Red Beds differ from anything else kno^-n in 
Kansas in a few important respects. Their bright color is their most 
striking characteristic. Wherever they are found they are readily 
recognized by this feature. No samples of them have yet been 
analyzed to determine their chemical comi>osition, but it is evident 
that their brilliant color is due to the presence of large quantities of 
red oxide of iron intimately intermixed through the whole mass. 
They vary considerably from place to place, but seem to be comi)ose<l 
entirely of clay and sand, verj' imperfectly bedded, but always colored 
with red iron oxide. In places far to the east we find beds of sand- 
stone sufficiently cemented to form a low-grade building stone. 
Elsewhere the san<ls are entirely wanting. Many samples of the red 
clay have been examined which apparently contained not even traces 
of the fine sand. 

Gypsum is another constituent, which assumes great prominence 
in the vicinity of Medicine Lodge and farther to the west. It seenis 
to be well stratified in the vicinity of Medicine Lodge, forming heavy 
layers from 5 to 10 feet in thickness. These strata have a lateral 
extent of many miles, and have been iniiK)rtant agents in the produc- 
tion of the peculiar and varied physiography for which portions of 
l^arber and Comanche counties are noted. Gypsum has also been 
formed in many fissures, largo or small, which cut the Red Beds in 
various places. These forms of gypsum are secondary in origin, and 
seem to have been deposited by infiltrating water probably long after 
the Red Beds themselves were lifted into dry land. 

Salt is likewise scattered irregularly through the Red Be<ls. It is 
leached out by the water and is deposited along the salt marshes so 
common in the Cimarron River Valley to the south of the State line. 
Probably the salt is irregularly disseminated throughout the material; 
possibly heavy deiK)sits of rock salt may yet l)e found beneath the 
surface, although no positive indi(»^tion of such has yet l>een observed. 
It is certain, however, that in some way, while the Red Beds were 
forming, conditions were favorable for the accumulation of salt to so 
gi^eat an extent that in the aggregates the amount dei)osite<l is very 
considerable. 

Thus far no fossils of any kind have been found anj'A^iiere in tlie 
Red Beds within this State. Those of Texas have yielded fossils of 
Permian character, and it is probable that they are of the same age 
as those of Kansas, although they have not yet been positively shown 
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Ik* ••<iiiiHH*lo<l. Lit lie inu* siraiitiration **An W iio!»*il in I he Re<l 
1^1 s in plains wh^re their ]»rinripiil 4*«»iii]M»neiit is rhi\\ lint when 
ml 1>e«-< lines nmre almmlant. >•! as i«i forni a s^imlMone. the iHHhlin^ 
Aii«\< are nion- >!n»nirlv marke*]. In ihi* >Minhea>tern part nf the 
eadi* ((Uadnin^le. iiniutMliatelv at iln- Mini mil «»t* the HihI ImhIs, is a 
lenibly well iletinetl si4n«lsTi»ne fr^ni ;» !«• *'> wei in ihiekuess, eaille<l 
e ]>asin s<in«]st4»ne. t»n a<'(Minni tif jis UMni: >o ]in>niinent in the walls 
oiind the irreat Itasin in ilark Inuniv. At the si»nihwt»sttTnniost 
jxisiiri* i»f the Ke«l HtHJs at < Mee tlii> >.;nui>ioni* M*enis t** In* wantinir, 
liile the elay eomiHiMn^ iheni i> •-«» i'ntii*ely fnn' fnmi siuul that no 
it can U' «leieet«Hl liv the teeth. 

This ahs4Mu*e «»f hn-al >tratilieati«»n i> alnmsi lo>t sijrhl of whm we 
mteniplate the Ke*l 15«h1s a> i-tiVfrintr with* ai*eas. They form a 
iarke«I Imrizun Iwtween The (iMManrhf i»r Ha kola alnive and the 
laek shale> ami hnflT linieston** of ih«* IVrmian Ik*1uw. Through all 
estern lvansii> they inelint* to The ea>t or northeast or southeast, 
H is well shown l»y noting i»n the ma]* their i*levations at dilTorent 
laces where found. When* i-xiH»se«l at odee ihey have an elevation 
f nearly i*,4'.mi feet, while in th** MuiTs near En;:lew<HHl, in plaees 
•'here we kn«»w the nieasuHMnents are made on the unennled upi>er 
urfaee, their elevalii»n is but litth* more than lM'hi fi't»t. makinir a 
ipof the upix*r surfaee lt» th«* ea>t of fully :?."»•' feet in a distance of 
Smiles, or an averajie of near 17 fe«*t to \\u- mile. The siime Red 
^eds weiv reaehtnl in a deep wi*ll at Santa Ke vears ai^o at an eleva- 
ion consiilerably greater than wIkmv ihev are I'XjMised at Od«*e. show- 
Clj^ that as th<\v extend we>twanl th«*ir upper surfa<*e rises. 

The ori^n of the Red I>e«l> is i»n*tty well indieatetl by their ehar- 
Cter. The larjre amount of iron oxid**, of gypsum, and of sjdt which 
hey contain, ami the total absence of fossils, imply that they are the 
esult of the accumulation i»f >edimi'nt in a eoneentratitl «M.*ean water, 
lanycharacteri sties of tlie formation> in eentral Kausiis in the Upper 
^ermian point to tlie existence nf an inland oc^an which was eva po- 
rting more rapidly than it was tilling from >urfaee drainage, thus 
niducing a .Mn»nger and stronger brin**. The large deiK>sits of nx*k 
lit in what ha.s heretofor** lie^n railed the Upper IVrmian — the siilt 
eels supplying the mines at Ilutehinson, Lyons, and other places in 
le south-central part of Kans^is — have probably In^en formed by the 
jsiceation of an inland «M:*ean. Th«* dark-eolorcd shale which is 
nbedded with the salt in these i>laee> likewise implies that suflicient 
•ganic matter, either fnini sea or la ml, was aeeumulated with the 
irthy masses which eonstiiute the shale to give them their blaek 
dor. As time passe«l the aecumidation of organic matter fi-om all 
mrees was finally prevented. As a residt, the surfaee oxidation of 
le iron <romjK>unds leached from th«* adjacent land wswi carried <m to 
D extent sufficient to produce thtf ivd color in the sands and cbiys of 
le Red Bed;}. 
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An important lesson may be gathered from these considerations by 
one studying the water problem in western Kansas. Should a well 
penetrate the Red Beds, their fine-grained, compact, argillaceous 
character makes it extremely doubtful whether water in any consid- 
erable quantity can be obtained from them; and still worse, shoald 
water be obtained it is almost certain to be so mineralized with salt 
and gypsum and other soluble products that it will be entirely 
unsuited for either domestic purposes or for irrigation. Therefore, 
should anyone when using the drill in the search for water anywhere 
in the southwestern pail of the State penetrate the Red Beds, he 
should immediately discontinue boring, lest he spoil the character of 
the water he may have already obtained. 

DAKOTA. 

The Dakota formation underlies about three-fourths of the area 
covered by this report. Its position is well shown in the accompany- 
ing geologic sections (PI. IV, p. 42). From these it will be seen that it 
gradually thickens to the north and thins southward until it entirely 
disappears. The southeastern limits of the Dakota can not be out- 
lined in detail on account of the heavy mantle of Tertiary whidi 
conceals it from view in most places. 

In character the Dakota is largely a sandstone formation, so mudi 
so, indeed, that it is frequently spoken of as the Dakota nam^ 
stone. Every deep well which has penetrated it in southwestern 
Kansas shows that shales are embedded with the sandstone. The 
extent of these shale deposits is not known, for nowhere can we find 
any exposure of the Dakota at the surface. Farther east, in other 
parts of Kansas where they come to the surface, it is seen that a 
considerable proportion of the thickness — probably more than half- 
is shale of some kind. In most places where exjiosed at the surfaee 
in Kansas the sandstone is colored brownish red by iron oxide, and in 
some places in this area the drill has brought up the same brownish- 
colored sand. Farther west in Kansas and Colorado the brown color 
is not so prominent. 

The Dakota formation has an unusually great extension. It reaches 
from the Dakotas southward into Texas, and probably beyond ; from 
central Kansas westward to the "Hogback," near the eastern foothills 
of the Rocky Mountains, and northwestward into Montana and Wyo- 
ming. As a sandstone it is characterized by great uniformity of tex- 
ture and a small amount of cementing material to bind the grains 
together. The latter property makes it an open and porous rock, so 
that it can serve as a great underground reservoir capable of hold- 
ing a high percentage of water or of allowing a relatively free trans- 
mission of water from one place to another within it. Westward from 
Kansas it is found sometimes at the surface, where it can absorb the 
rainfall, sometimes in conlact with the Tertiary, so that the ande^ 
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ground water of that formation mingles witli its own, and sometimes 
"burie^l Iwueath the Benton and lii<i:her Cretaceous formations. It 
seems to have an un1n*oken e<mtinuity from its exiK)siire in Kansas 
westwarti almost to the mountains, tlirou^houl wliich distance it has 
an average dip to the east of from 5 to S feet to tlie mile. It is, there- 
fore, a most important formation to anyone studyinjr the water prob- 
lem in Kansas, and will be recalled for a further discussion later in this 
rei>ort. 

BENTON. 

AI>ove the Dakota lies the l>ent<ui, a f(»rniation (*(»nipose<l of alt.er- 
nating l>e<ls of limestone and bla<*k or dark-colored shale. The 
proportion of shale to limestone is probably about as 1 to 4 or 5. 
The limestone is generally a light but!" in <'oloi\ sometimes inclined to 
a bluish hue on unweathcred surfaces. It is usually much softer 
than ordinary limestone, but fragments (exposed at the surface show 
perceptible hardening. It always contains large quantities of fossil 
shells. 

The Benton formation is exposed at the surface in the northeastern 
part- of the Dmlge quadrangle along Sawlog Creek an<l some of its 
'deeper tributaries. It is again exposed over small areas in places 
along the northern trilmtaries of Crooked Creek in the southern part 
of Gray County. Aside from these two limited areas it is entirely 
concealed fn)m view by the overlying T<»rtiary sands and clays. How- 
ever, we know fnmi the records of different wells and from its occur- 
rence elsewhere that it underlies the Tertiary formations over the 
whole of the northern ])art of this area, reaching soutliwanl to the 
hanks of Crooke<l Creek, and probably farther on the western side. 

Many wells reached it at different places in township 2\K in the 
southern part of Gray and Ford counties, some of which penetrated 
it 150 feet and mon,^ without ]tassing through it, while othei*s, farther 
east and south, pn)ve<l that its thickness there was much less. The 
city well at Santa Fe is report<Ml to have found but I'J feet of the 
Benton limest<me. It would sc<Mn, th<M-cfore, that there is a consi<ler- 
able thickening <*ast from Santa Fe, as shown in the geologic section. 

Farther west, in the vicinity of Hart land, l\cn<lall, Syracuse, and 
Coolidge, tlie Henton is cxp<»sed in Uw blufl's along the north bank of 
the Arkansas River, furnishing a limestone which is <iuarrie<l at 
diflPerent places. There is little room to <loubt, therefore, that the 
Benton underlies the whole of tin* area north from the southern limits 
along Cnx)ked Creek to Santa Fe, as aln»a<ly d<*scrilM»d. 

Neither the Benton limestones nor shales ar«» water Ix^aring. Not 
a single well has yet l^een drilled in the shales which found water in 
theni. The limestone is a fine-grain<Ml mass, capable of holding or 
transmitting but little water, while the shales are so close and com- 
pact that they are entirely incapable of i>ermitting any e<uv«\<\^x- 
ahle quantity of water to pass through them. The 'B^iiVoiv^WY^^^^Qi^^i 
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furnishes a floor impervious to tlie water of the overlying Ter- 
tiary sands, a floor preventing the Tertiary ground water fnini i>ass- 
ing downward and the water of the Dakota sandstone from jmssiog 
upward. 

TERTIARY. 

The Tertiary formations in Kansas are composed principally of 
gravel, sand, black sand, clay, and silt, with a smaU amount of 
material usuallv called ** volcanic ash." These materials are mixed 
together in an irregular manner, so that the same relation does not 
exist between them in different localities. The gravel consists of 
pebbles varying in size from 4 or 5 inches in diameter to the finest, 
grading into sand. They are composed principally of the ordinary 
rock-forming minerals, and seem to be fragments of granite?, syenite, 
porphyrj^ andesite, rhyolite, basalt, and not infrequently of pure 
quartz. Their character leaves little room for doubt that they were 
carried here from the nv)untains to the west. 

The relative jx^sition of the gravel beds is variable. In some plaoe« 
they seem to be near the bottom of the Tertiary; elsewhere they are 
on the summit of the highest hills. A good example of the latter ii 
found along Spring Creek, in Meade County, about 4 to 8 miles sonth- 
west of Meade Center. Here the so-calle<l mortar beds — a mass of 
gravel and sand cemented with calcium carbonate — c^ip the top d 
the highest hills in the country. Some of them have the butte font 
so common where hills of erosion have a hard covering rock on top of 
a larger mass of soft material. 

The sand is composed of sand grains ranging in size from the ordinary 
coarse sand which grades into gravel down to the finest of sand. The 
grains are principally of ordinary quartz, but are usually intimately 
associated with feldspar particles, confirming the teachings of the 
gravel regarding their origin. The sand is about as well stratified tf 
the gravels already mentioned. In places beds of sand are found 
well stratified, while elsewhere it is so intimately mixed with clay or 
gravel that the formation can hardly be called sand beds. 

Almost everywhere in the Tertiary are found small accumulatioM 
of black sand, which have been slightly segregated by rain water carry- 
ing away the finer materials and leaving these little grains behind. 
Originally they are intimately mixed with the clay and finer quart! 
sand. The little rivulets of water on the hillside carry away the 
lighter particles of clay and silt and let the black sand grains aoeu 
mulate along the wagon tracks of the country roads and the edditf 
of the small ravines. These black grains are found to be composed 
entirely of black oxide of iron, principally magnetite, but partially 
dark hematite. Doubtless they were original constituents of th« 
crj'^stalline rocks of the mountains to the west. When the i*oek» 
were disintegrated by weathering and the debris was transported 
eastward by water, the iron oxide grains were carried along with the 
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' material and lodgeil here and there wherever the current veloe- 

permitte<l. 

e clays and sills vaiy in character from place to pla<*e and at 

:^nt depths. Occasionally almost X)ure masses of clay are found, 

almost entirely free from admixtures of saiul, clay with a high 
je of x>lasticity and in every respect resembling the j)uresT known, 
[)t that it contains sufficient impurities to modify its color. Fre- 
tly such masses of clay seem to be colored with decaying organic 
er, as though during its accumulation such matter in one form 
lother was present, at least in limit e<l quantities. Elsewhere the 

of the clay seems to indicate the absence of organic matter of 
kind. 

e stratigrapliic jiroperty of the clay is interesting. In places it 
8 in ])road layers, api^ai'ently extending for miles in unbroken 
Elsewhere it forms lenticular masses, oblong in horizontal 
nsions and irregular in peripheral outlines. Sometimes it is 
bedded with the heavy gravel and sand beds, and elsewhere 
8 to be relativelv distinct from them. 

Dng the Arkansas River Valley, near the bluffs north of (xarden 
, a heavy l)ed of clay nearly 10() feet thick extends up and down 
'alley for 4 or 5 miles. Itsnoilh-south diameter is usually about 
a mile. South of the river 12 or lo miles from Ganlen City is 
tier hwality in which occur irregularly shaped clay beds or clay 
ders, as they are locally called. During August, 18!)r», a well was 
h1 alwut three-fourths of a mile south of Atwater, in Meade 
ity. It went to the surprising depth of i*SS feet, passing through 
ing but a light-blue plastic clay almost the entire d(»pth. Other 
i on every side of this one, from 1 to 2 miles away, found the 
1 amount of water-bearing siind at from 20 to 40 feet. Such illus- 
ons could Ik* multiplied until the* whole of the T(»rtiary of Kansas 
30vered. Everywhere such irregularities (»xist. Few wells have 

made which did not pass through both sand and clay. P^ven in 
and hills south of the Arkansas River the few wells dug or l>ored 
riably found clay. The State well in the sand hills just, south of 
irron may l>e taken as an example At a <lepth of l^'^V fe(»t a \^ed 
smarkably comimct j>lastic clay was reached, a])out 5 feet in 
:ness. 

many plac*es in western Kansas and elsewhere on the plains a 
1 amount of a fine-grained matt4»r is found, which is generally 
d volcanic ash. A few deiKwits of the same material have been 
d in this territory-. The best exposure known is along a tribu- 
te Crooketl Creek, about three- fourths of a mile west of Meade 
«r, although other lesser deposits an* known in !Meade County 
elsewhere. 

rer a large portion of the whole Tertiary area of the plains the sur- 
i8 covered with a fine-grained soil which has so M^k «l \y^T^2^\i\»c^^ 
IBB 
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of clay within it that it lias a relative high plasticity and other prqh 
erties that have given it the name "Plains marl."* It covers more 
than half of the surface, but by no means all of it. Neither is it con- 
fined to the surface, for often the same kind of material is found inter- 
bedded between layers i»f trther materials. It is probably composed 
of the finest silt and clay particles which migrated eastward during 
Tertiarj* time and were liK3ge<l here and there wherever the conditions 
of water velocity diciate<l. In recent times, also, the winds have 
exerted a sorting action on the surface materials, which has helped to 
make the Plains marl more characteristic. The strong winds pick up 
the finest dust and carry it for miles and deposit it wherever a suitable 
lodging can be secured. This not only concentrates the finest mate- 
rials together by movement, but also leaves the coarser soils and sands 
behind, so that the same process pnxluces sand dunes and sandy soils 
which are often mere residual pnKl nets after the finer silt has l)eei 
blo^^Ti away. 

The structural relations of the different Tertiary materials are far 
from regular. It is doubtful if there can be any definite stratigraphie 
relations established covering a considerable scope of country. Tlie 
gravel and sand are frequently cemented into a moderately firm rock 
by the presence of a variable amount of a calcium carbonate cement 
This cement is sometimes found in the clay as well, but it is most 
abundant in the sand and gravel, producing a sort of sandstone or 
conglomerate to which the name '' mortar beds" or *'grit" is generally 
applied. Some of the varieties of this are the so-called ^^ natural 
mortar," which is extensively use<l throughout the West for making 
a mortar to plaster with and to roof houses. These mortar-bed hori- 
zons are prominent features in many places and constitute the only 
hard and resisting strata in the Tertiary. The idea so frequently 
expressed, that they are l<x»ale<l near the l)ase of the Tertiary-, is <w- 
rect for some localities, but incorrect for others. 

Along the Buckner, iu the southwestern part of Hodgeman County, 
the sand and gravel are as firmly cemented as at any place known 
to the writer. Hen? they form a tolerably solid rock which lies at the 
top of the bluffs on the south side of the Buckner. They are in beds 
from 10 to 20 feet thick, varying much more than ordinary sandstone 
beds do. Below them in this locality the bluffs are composed of a 
looser and finer material. At other places along the Sawlog, near 
by, the mortar beds are found near the Iwttom of the Tertiary, and 
not infrequently resting immediately upon the Benton limestone. 

The north bluff line of the Arkansas River from some distance 
below I)o<lge westward almost to Garden is protected by a well-devel- 
oj^ed mass of mortar l)eds. Throughout the most of this distance 
three <listinct lay<»rs of mortar beds can be traced, while in other 
places four or more may be found. They are composed of cemented 
sand and (*oarse gravel, and are separate<l from each other by beds 
of clay awl fine sand. The weathering vvocesaes wear away the sofl 
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elay beds more rapidly than the mortar 1>eds, producing a series of 
Barrow terraces along the bluffs similar to those generally oljserved 
in places where the limestones and shales alternate %rith each other, 
as so frequently occurs in the eastern part of the State. 

South of the Arkansas River luit little of the niortar-ln^d material 
is to l:>e seen until the vicinitj- of Crooked Creek and tlie Cimarron is 
reached. Here we have the same lack of regularity so noticeable 
elsewhere. The most prcmounced form of the mortar IhkIs is often 
fonnd at the very summit of the bluffs, but by no means always so. 
In other places they occur midway up the bluff, and not iiifrequently 
near the base. The bluffs of Crooked Creek below >Iea<le are good 
examples of this. On "the eastern side of the creek they are verj" 
ragged, with frequent instances of mortar l)eds l)eing well developed, 
but by no means do they form a constant stratum continuously along 
the bluff. On the western side the bluff line is not so abrupt, and 
eonsequently there is not so good an opportunity for observing the 
mortar-ljed masses. To the southwest of Meade, along the upper 
portion of Spring Creek, however, some of the hilltops are very dis- 
tinct, and the erosive forms are significant of hills with a 'protecting 
oap of hard material covering softer materials. These can w(»ll be 
studied fn)m the Meade toixigraphic sheet. A few of these hills are 
particularly noteworthy. On the north bluff of Spring Creek, al)out 
4 miles at>ove Crf)oked Creek Valley, the mortar bc<lsarc found lying 
at the summit of the hill. The san<ly clay underneath is worn away, 
■o that quite frequently the mortar-l)ed rock projects scv(M*al feet, 
formiDg an overhanging cliff. Soutli of Spring Creek a similar con- 
dition obtains. Hill point after hill ix)int stands out in the landsca])e 
S8 a pniminent feature, on the top of which a horizontal mass of 
mortar-l)ed nx'k ser\'es as a prote<*tion to the soft an<l easily eroded 
Bsndy clays l)eneath. 

Along the Cimarnm Kivcr from some distance above Arkalon to 
where the river encounters the Ked Beds near Knglewood its valley 
is cut downwanl into the bi-oad plain to a <leptli of nearly 2(K) feet. 
As one stands on a pi*ominent j)oint on either side of the valley and 
looks up and down the stream, it is easy to see the line of light-colonkl 
mortar beds lying almost at the summit of the bluffs, with the darker 
eolorcHl shales and sands iKMieath. A more careful examination 
shows that for many miles aUmg the stn^am r<»latively firm rock 
covers the topmost part of the bluffs, and it is largely to this that 
the precipitous chai'acter so pronounced on eith<M' sidt* of the river 
around Arkalon is due. Heneath the mortar beds are found masses of 
sandy clay, which constitutes tlie main mass of the bluffs. At other 
placeSy particularly along s<mie of the tributaries of Spring Creek near 
Meade Center, the mortar IkmIs in a well-developed form are found 
on low gronnd more than KM) feet l^low those cai>ping the hills a 
mile or so away, with no connection l)etween them. 

During the ]a8t two years the Kansas Stale Board oi \tt\^«i\av>\\V9s» 
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snnk twenty wells in western Kansas, the greater portion of whidi 
are confined to the Tertiary. One of the provisions in the contract f(Kr 
the drilling of each well was that a carefully selected and accurately 
labeled suite of samples should be preserved and delivered to the 
board, such samples to be taken with sufficient frequency to aoeii- 
rately represent the character of the material passed through. These 
samples from the different wells were turned over to the writer 1^ 
the Board of Irrigation and have been carefully examined. This is 
the first time it has been possible to examine the Tertiary materials $X 
any considerable depth below the surface, except where they are found 
along the bluff lines of the various drainage streams. They are theie- 
fore of more than ordinary importance, and are worthy of notice in 
this connection. 

It w;is found that little relation existed between the distance from 
the surface and the size of the gravel. Gravel beds of a considerable 
degree of coarseness were frequently found near the surface, and the 
finest sand and clay and silt were not infrequently found near the 
base of the Tertiary. There was such an irregularity of position shown 
with referehce to any one material, and such a lack of definite relati(Ni 
between the different kinds of material, that it seemed as though bill 
little if any dependence could be placed in any older classification. 

In studying the physical properties of the Tertiary it is necessary 
to emphasize the statement that the so-called mortar beds are simpfy 
the sand and gravel and clay material? cemented usually with calca- 
reous cement. The real stratigraphic conditions probably do not 
depend upon the presence or absence of cementing material, but 
rather upon the continuity of beds of like material. A stratum of 
gravel which is not cemented should be considered as important as 
though it had chanced to have its individual constituents held 
together by a cementing material of some kind. Yet in our study of 
the subject we are usually inclined to erroneously regard the beds 
which are cemente<l into a firm rock as more important than softer 
materials. It has been suggested by the writer that the formation (rf 
the cementing material has occurred since the deposition of the beds, 
and that it represents a process of weathering and desiccation still in 
progress. The ordinary weathering agents produce calcium carbonate 
near the surface, which is changed to the acid c-arbonate by rain 
water containing carbon dioxide washed from the atmosphere. It is 
then dissolved and carried downward until the dryness of the ground 
absorbs the moisture, precipitating thereby the neutral carbonate in 
whatever position it chances to be. As the beds of gravel and coarse 
sand more freely permit the passage of water through them than do 
other materials, naturally there would be a greater deposition of 
calcium carbonate in such l>ed8. 

It is doubtful if there can be any regularity discovered between the 

?fe()/9 of the ilifferent kinds of Tertiary material in western Kansasi 

7%^ morlHr beds occur at all positions Irom X\i^ Aoei;^ \a the summit, 
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do also the sands and the clUys. It has lieen found iniix>8sible 
to trace a bed of any one material ven' far in any direction. The 
records of the State wells add to this difficulty rather than U»ssen it. 
Neither does the assistance of paleontolojLry lessiMi the difficulty, but 
rather increases it. In Phillips County the mortar ImmIs (*ontain 
skeletons of the rhinoceros and other animals, indicating that they 
should be correlated with the Loup Fork l>e(ls of Nebraska, and that 
they are about the oldest Tertiary l)e«ls in Kansas. To the southwest, 
in Meade County, a mass of conglomerate, whi<*h is as typical a mortar 
bed as can V)e found, is rich in fossil hoi'ses, llamas, elephants, etc., 
which paleontologists class as Pleisto<*ene fossils. We therefore have 
the mortar beds with Loup Fork fossils at one place and with Pleis- 
tocene fossils in another, not (»nly showing a lack of strati^raphic 
continuity, but showing that, after all, the so-called Tertiary of the 
State may be part Tertiary and part Plcisto(»one. 

WATER SUPPLY OF THE ARKA. 

^ In tlie discussion of waters on the (ireat Plains it is well to lK»ar in 
•_ mind the different conditions under which water exists and the differ- 
[ ent classes into which the gi-ound waters may l>e divided with refer- 
ence to the geologic character of the materials in which they are 
fonnd. Geologically we have two great classes of ground waters, 
r One exist4s in the Dakota sandstones. It pmlmbly has a slow move- 
r ment eastward, has principally l)een gathered from the rains falling 
^- in the eastern jiart. of Colorado and farther to the north over areas 
. where the sandstone is exi)osed at the surface, and in its eastwaixl 
"- movement i)asses underneath the Henton, Niobrara, and other suiw- 
».' nor Cretaceous formations, so that in most ]>laces it exists under a 
^ pressure sufficient to cause it to rise an appreciable distance alK)ve 
" the level at which it is found by the drill, giving artesian wells, or 
wells decidedly artesian in character. 

The other water is that which is commonly known as ground water, 
sheet water, or underflow, as these expressions ai*e undei-stcxxl by the 
people of western Kansas. It is contined to the Tertiary sands and 
gravels. It lies immediately almve th(» imi)ervi()us Creta(*eous or Red 
Bed floor, and is sufficient in <|uantity to more than Sc^t urate the mate- 
rials in which it exists for a distance above the fi(H>r varying from 5 
to more than litO feet. Throughout the grt^ater part of the i>lains 
area, therefore, these two classes of water are separatt^d from each 
L- other by all of the Benton and higher Cretaceous <leposits. In rare 
t cases, however, the Tertiary rests immediately on the Dakota sands, 
c permitting the Tertiary water and the Dakota water to commingle. 
^ Could we exhaust the supply of either one to an appreciable degree, 
* tiie other would doubtless l)e drawn upon and a movement would l>e 
t- set up from one into the other. Still, for convenience of discussion 
■ and clear presentation of the water conditions, it ia de:«\t«i\A^ \!tk>i^V>02k!^ 
two elaflset eboald be diacaned separately. 
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DAKOTA SANDSTONE WATER. 

The DakotA formation consists largely of beds of sandstone the 
grains of which are generally but poorly cemented together, leaving 
spaces between them which may well serve as receptacles for water. 
This sandstone, as before stat^, underlies the greater part of the 
plains area from the British possessions on the north to Texas oi 
tlie south. Throughout this entire distance it extends westward to 
the mountainous area, lapping upon the foothills along the eastern 
slope of the Rocky Mountains or capping the ridge generally known 
as the ^^ Hogback," lying just east of the mountains in Colorado, as 
has been so well shown by Gilbert in his recent article on water con- 
ditions in eastern Colorado.^ In this vast area are many localities 
where the Dakota is exposed to the surface, so that it can gather 
water from the rains and melting snows and occasionally from rivers 
which pass over it. The water whicli is absorbed passes eastward or 
southeastward or northeastward, the direction depending upon the 
inclination of its strata in different localities. 

This great geologic formation is a continuous underground sheet 
for thousands of miles in extent, and has been imbibing water from 
the rains and snows perhaps for thousands of centuries. It has thas 
become a great reservoir filled with water, the leaks from which are 
known in the form of springs and seeps along its eastern borders in 
many places where it is brought to the surface, and also along the 
banks of streams which have cut their channels downward until the 
Dakota has been reached. 

In a general way it may safely be said that all that is necessary to 
obtain water on the Great Plains is to penetrate to the Dakota sand- 
stone. This proi)08ition, although true in a general way, may not be 
verified in every instance. It is reasonable to suppose that a rock 
mass covering so wide an area is not perfectly uniform throughout 
Here and there may be areas where the cementing material is more 
abundant than ordinary, or where the grains of sand are finer, or 
where the sand beds in their original form liad silt and clay inter- 
mingled to a sufficient extent to produce a relatively impervious mass. 
We know, in part, that such conditions obtain at irregular inter^^als, 
and that consequently a drill hole made in such a place will yield but 
little if any water; not because the great Dakota beds were not 
reached, but because they were reached at a i>lace where the open 
spaces between the sand grains had been filled with clay or mud or 
cementing material so that water could scarcely flow through. 

Experience in drilling for water in the Dakotas, in Nebraska, in 
Colorado, and in Kansas abundantly verifies the statement just made, 
that in a general way one may confidently expect to obtain water in 
large supplies wherever the drill penetrates the Dakota sandstone. 

' TTie nDderground water of the ArkanKaa Yal\ey in efta^^ru CoVotvAo^ by Qrove Karl Gilbert: 
SeveDteenth Ann, Bept. U. 8. GeoL Bonrey , Pmrt U, 18^. P« ^Si83L u. 
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character and occurrence of DAKOTA WATER. 

The character of the water oinaiued from the Dakota saiiulstoue is 
variable. Underground water is pure or is mineralized, aiccoitlin^ to 
its opportunities for dissolving soluble mineral siilts. Could water be 
eonfined continuously in a perfectly pure mass of siind or sandstone 
which had no soluble materials within it, and into which no soluble 
BAlta could bo taken by infiltrating: waters, its character w<»uld always 
remain pure. But nature rarely accumulates a mass i)f sjind without 
having at least traces of soluble materials along with it. Few terranes 
are known anywheres in the world which can permit waters to i>erco- 
late through them for hundreds of miles without giving up mineral 
matter to the water somewhere throughout the course. It is so with 
the Dakota sandstone, yet not universally s<j. For some reason which 
has not lx»en determineil, water which is lifted from the Dakota at one 
place may have a greater or less amount of dissolved mineral salts 
than water obtained from the .Siime .s^indstone o<) or UH) miles away. 

The natural processes by which the impurities are gathered from 
the rocks by the water ai-e such that it is excee<lingly difhcult for one 
to give an approximate statenuait regarding the chai*acler of the water 
that may be found at any locality, unless one can 1k^ guided by the 
water which has ali'eady lx»en found near by. This, likewise, is sub- 
stantiated by our limited exjicrience in drawing water from the Dakota 
sandstone. The wells at Kocky Fonl, La Junta, and other places in 
Colorado are all mineralized to a similar extc^nt. The springs which 
barst forth from the banks of tlie creeks and rivei's near bv are like- 
wise mineralized. 

In Kansas the few wells which have been drilled in the Dakota 
sandstone have pnxluced different degrees of mineralized water, dif- 
fering materially in composition from one another and from many of 
the wells of Colonido and Dakota. Tin* artesian water at (-(Milidge, 
which is a DakoUi sandst<me water, is relatively fresh, carrying little 
more than 24 grains of soluti(m to the gallon. It has but little odor 
of hydrogen sulphide, and is in <»v(»ry way a desirable wat(»r for all 
domestic purxK)ses. Farth«^r north, in th«» vicinity of Oakley, a well 
leached the s^ime horizon and likewise obtaiticd wat4*r, but this was 
lio heavily charged with comnKui .salt and other soluble minerals that 
it was practically worthles.s. An art(»sian woll east of Oakley, in 
Saline County, drawing large* (piantitics of water from the same 
Dakota sandst<»ne, piixluces a water which is somewhat diflPercnt fi*om 
either of those, but which is so Siilty that it is of but little value for 
domestic puri>oses or for irrigation. 

In the vicinity of Xess City, Larne<l, and other iK)ints near the 
Arkansas Valley, the few wells which have reached the Dakota have 
Uniformly obtained water of a liigh degree of jiurity, well suited for 
domestic purposes. These examples are sufReveivt lo ^Vva^ XXikftNwrifc^ 
thamcterof the WAter obtained from the Dakota «\\vii!eX«\i^\ va.^iiKi\s^^ 
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plat-ea Uic wiiUt is of k<*<'*1 diHi-at-tor. while iu others it is highly miii- 
eralizeil. 

Thna far but few w«1!b in Iho special area diacuttsed in this report 
have penetrated the Dakota sauilstone. Not one is knowTi to the 
writer to have done so north of the middle of the area, and but few 
to tlio soulli. In northeastern Meade County and the southern part 
of Ford County, four or five different wells are known to have passed 
through the Tienl«ti and reached the DiikolJi. In every instance the 
water obtained seems to be \ery jiliiiiidiiiil, risi's hi a lifijihl nf from 
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60 to 150 feet above where it was first reached, and is of so high » 
degree of purity that no mineral praperties whatever are notieeable 
to the taste. At Santa Fe, likewise, the city well passed through the 
Benton into the DakotA and obtained a good supply of water of «s 
high a degree of purity as anyone could desire for domestic purposes. 
These Dakota waters have not been analyzed, largely because their . 
purity is so apparent that analysis has seemed unnecessary. 

By referring to the accompanying map (PI. I) it will he notieeil that 
the southern limit of the Dakota formation passes from a line near 
Minaeolu, on the east, to a i>oint a t*w mUeftao«.th,ot Santa Fe, on Ibt; 
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west. It may confidently be stated that the Dakota sandstone ex- 
tends northward from this boundary under the whole of the area, 
uid that it is water bearing tliroughout its whole extent. There- 
fore, a well put down to a depth sufficient to reach the Dakota sand- 
stone will be supplied with abundance of water. 

These predictions are based upon the well-known extension of the 
Dakota sandstone and its property as a water-lx^iri ng formation . The 
lepth to which wells at different places will have to Im? carried to reach 
the waters of the Dakota sandstone can only Ik* given approximately. 
By referring to the different geologic sections on PI. IV it will l>e seen 
Ibat the Dakota deposits to the north lie at a similar angle. Our knowl- 
Bdge of this subject is onlj^ fragmentarj'. A deep well at Garden is 
riqiorted to have reached the Dakotii at a depth of 4*)1 feet. This 
Information is all that was available from that part (»f the area, and 
leetion 3 was based upon it. 

North of Dodge the Itenton is exposed on the surface. Its thickness 
■t fhis place is not known, but different wells have passed into it from 
100 to 200 feet. Farther s(mth, in southwestern Fonl Countj', the 
Benton is known to Iw at least 150 feet thick, while farther to the 
northeast, where it is expose<l at the surface, it is estimated to have a 
tfiieknessof about 4(K) feet. Fnmi these data it was estimated that 
its thickness at the northeast corner of the Dodge quadrangle is about 
400 feet, and section 1 was drawn acconlingly. 

•JHie areas lying between sections 1 and 2 and 2 and :J will have the 
at about the same distance from the surface. If, therefore, 
le should desire to estimate the depth he would have to go at 
particular place to reach the Dakota sandstone, he could obtain 
proximate idea by referring to these sections. 
representations hei'e made should l)e regaixled as only approxi- 
lons, but the best that can l)e made with our present knowledge. 
flfamld a few wells be drilled north of the Arkansas deep enough to 
Kach the Dakota sandstone, corrections could then be made which 
vmdd make it possible to estimate the distance Ix'low the surface at 
Uliieh the Dakota would l)e reached over the whole area. 

ARTESIAN PROPERTIES OF THE DAKOTA WATER. 

The Dakota water in all places has artesian properties to a greater 
or less degree; that is, the water rises tlirough a varying numl)er of 
feet from the level at whi<*li it is found. At. Coolidge diflferent wells, 
when properly cased, gave a constant flow of from 40 U} 50 gallons per 
Uiinute from a 3-inch well. Farther east, at Syra<»use, like wells have 
Reached the Dakota and have produced water, but not one has yet 
been properly cased to determine whether or not the water would rise 
to the surface. 

Northward, in the vicinity of Xess, where the surface elevation is 
aiightly less than the uplands in the vicinity of Dodge> the watAT% 
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from the Dakota sandstone rise to within from 35 to 75 feet of the 
surface. It is probable that wells of this character could be sunk in 
the area under discussion in which the wat^r would rise nearly to the 
8urfa<*.e, and jiossibly in some instances an artesian flow might l)e 
obtained. Yet one should not depend too much upon obtaining an 
actual flow, for it is doubtful if such would be obtained anywhere 
except in the lowest ground. There can be no good reason, however, 
for doubting that the water would rise to a point rarely more than iw 
feet below the surface, and in many instances much higher than this. 
The constiint drainage along the eastern borders of the Dakota 
decreases the water pressure to so great an extent that the height to 
which it will rise is materially reduced in the Dakotas^ and Minnesota. 
The decrease in pressure is frequently as great as 4 feet to the mile 
near the eastern border of Dakota, a decrease which is attribute 
largely to leakage. No observation has been made in Kansas to deter- 
mine the rate of deci'ease in pressure. Such, in fact, could not Iw 
done to any satisfactory degree without a larger number of wells upon; 
which observations could be made. 

HOW TO FIND THE DAKOTA SANDSTONE. 

Many inquiries have been made by citizens in various parts of 
Kansas regarding the means by which they could determine how to 
find the Dakota by boring. As already stated, the whole of the area 
covered by this rei)ort north of the soutli limit of the Dakota is under- 
lain by the Dakota sandstone. When one drills a well expecting to 
reach this Jormation, the Tertiary sands, gravels, and clays will prob- 
ably first be passed through, and whether or not the Tertiary water is 
found will depend upon a number of conditions which obtain in the 
vicinity of the well. Below the Tertiary, limestone and black or 
dark shale alternating will probably be found. The shale is the 
material commonly called " soapstone" by the most of the well drillers. 
In all such cases, as long as the drill is in the shale or limestone the 
driller should keep on going deeper. Finally the drill will pass 
through the Benton shales and limestones and enter the Dakota 
sandstones and clays. 

If for any cause or combination of circumstances the desired sui)ply 
of water is not obtained, he should go deeper, for the Dakota sand- 
stone exists in two or more different layers, separated from each otlier 
by clay or shale of varied characters. The only condition which shoiili! 
cause him to stop drilling before the desired amount of water i* 
obtained is that the drill has reached the Red Beds exposed on the siiH 
face in the southeast part of Meade County. We do not know lio\^ 
far north these Red Beds extend, but prol)ably they reach far beyond 
the limits of the territory t^o which this report pertains. They can bo 

'Preliminary report on artesian waters of a portion of the Dakota.H, by N. H. Darton: Seren- 
taenth Ann, Bept. U. 8. Oeol Survey, Part II> l\m. p. GQ6. 
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K>gnized wnen reached by the drill in a uuniber of ways. They are 
aerally free from sand, but not always; they are usually slightly 
.ty or ill some other way miueralize<l, so that tlu*y may l>e recognized 
the taste; and they have mixed througli iheiu small massi»s of 
pBum, a proi>erty rarely ol>servi»d in the Dakota days or shales 
ing between the Dakota sandstones. As soon as the driller l>eeomes 
tisfied that his drill has entenMl the Red JJeds, operations should l)e 
>pped immediately. There is no evidence favoring a hoi>e that the 
Hi Beds will produce water in large quantities, while then* are many 
EiS4>ns for l>elieving that the small amount whi<*h may 1h> obtained 
3m them will l>e so highly mineralized as to Ik? entirely unlit for use 
any kind. 

TERTIARY GROUND WATER. 

Under this heading are placed the waters drawn from the Tertiary 
rmations. Thev include all water that mav be found in Tertiarv 
nds, gravels, and clays; that is, all available water lying above the 
>permost Cretaceous formation. It is the water which is g<»nerally 
lown in the West by the terms *• underflow" or *' sheet water," names 
hieh reflect the popular idea reganling the extent and character of 
le ground water of the plains. The water is found in greatest 
>undance just above the Red Beds or the Cretaceous floor. The 
wer portion of the Tertiary s;ind and gravel is more than saturated, 
id available water results. The t hickness of the water-bearing beds 

variable, sometimes being more than KK) feet, and elsewhere being 
88 than 5, but always the water-l>earing horizon rests on tluMmpervi- 
H8 Cretaceous or Red Bed floor, or on a like* imi>ervious floor of clay. 

Almost all the area comprise<l in this report is untlerlain by large 
Uantities of water. In the Arkans^is Valley and the low grounds 
long other streams the water is usually found at depths varying from 

to 12 feet. On the higher uplan<ls its distance ImMow the surface is 
reater, in some places even reaching 2<M) ftM»t, and possibly more, 
'he water is everywhere present exc<»pt in a few small areas, such as 
le area in the northeast corner of the Dtwlge ([uatlrangle, where the 
^nton limestone is expf)se<l at the surface, and similar areas in the 
)Utheast part of the Meade qua<lrangle, wh«'re the Red Beds come 
lose to the surface. ELsf^where, spi.'aking in a giMieral way, a w(dl 
at down at random on any quart<»r section will jinMluce water if car- 
ed U> a sufficient depth. 

DEPTH OK TERTIARV (iRorXl) WATER. 

An 'attempt has Ix^en made to represent grai)hically the distance 
slow the surface at which water may Ik? found for the whole area, 
stensive examinations were nmde during the past summer, which 
eluded an investigation of almost every well outside the Arkansas 
alley. Mapping the location of the wells and noting the depth from 
hich water had to be pumped, it was posaibl^ lo dt^vN ^ ^d^rL^^idk <^1 
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lines on the surface of the map which may be c«lled the wator con- 
tours. These lines divide the area into a number of little groups, 
so that those similarly marked have water at about the same ilepth, 
somewhat as the contour lines on an ordinary topographic map repi^ 
sent areas of equal altitude. The results obtained by this methixl i 
representation are shown on the accompanying map (PI. V), on whick; 
the different areas represented by the same pattern have the water} 
Ijing at about the same depth from the surface. It may be said tW 
too much confidence should not be placed in this map. When til 
long distances between wells on the uplands are considered, and 
relatively large proportion of the uplands over which wells have 
been drilled, it will be seen that it is necessarily impossible to const 
a map of this kind which will be entirely accurate. Yet it is belie 
that the one here presented has a fair degree of accuracy, and tJnl 
confidence may be placed in it to a moderate extent. i 

By an examination of the map it will he seen that along the prii| 
cipal river valleys the water may be found at a depth of 50 feet^ 
less. Over the whole Arkansas Valley, aggregating 200 square miW 
or more, the depth varies from 5 to 12 feet. Likewise in the Meid 
artesian valley, along Crooked Creek, the surface wat«r rarely exceed* 
12 or 15 feet in depth. The valley of the Cimarron to the southwen* 
is another place, where water can generally be obtained at a depth rf 
less than 20 feet. An area to the north and northwest of Dodge, along 
the Sawlog and Buckner, covering many square miles, likewise has 
the water less than 50 feet in depth, while still another area in the 
southeast corner of Meade County, an area equal to 75 square miles 
or more, has water, when found at all, generally at a depth of less 
than 50 feet. This area, however, is one of the most uncertain ones 
in the county. The Red Beds are near the surface, with an irre^ltf 
covering of sand and gravel. Sometimes the well will pass into the 
Red Beds without obtaining water in any considerable quantity, while 
perhaps less than a mile away water is found in appai*ently inexhaust' 
ible supplies. This variation of conditions seems to be due to the 
irregularity of the surface of the Red Beds, a condition which can not 
be foretold and which can be determined only by the extended use of 
spade or drill. 

The areas over which water may be found at depths varying from 
50 to 100 feet are greater in the aggregate than those just given. 
Nearly the whole of the country lying to the north of the Arkansas 
River comes under this division, although the high bluff lines along the 
Arkansas are not included. South of the river a strip reaches from 
west of Garden eastward entirely to the east side of the Dodge quad 
rangle. There is another area of like depth through the high divide 
between the Arkansas and Crooked Creek, covering the main iK)rtion$ 
of the south part of Ford and Gray counties and reaching far inU 
Me»de County on each side of the artesian valley and along Crooke< 
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^k, with irregular areas in the east-central part of Meade County 
I lesser outlying areas elsewhere. 

The next contour, with a depth varyinjr from 1(K) to 150 feet, covers 
Ike area and includes a i>ortion of the high divide from Dodge west- 
rd almost to Garden, a portion of the divide l>etween the Arkan- 
\ River and Crooked Creek, and a lai'ge portion of the high uplands 
Meade County and a considerable part of Haskell and Finney 
mties. The area covered by the next contour interval, that of 
»m 150 to iMX) fec't, covers nearly all the remaining territorj'. North 
the Arkansas River it is represented by a small, irregular strip near 
idge. Southward it covers the remainder of the high divide between 
3 Arkansas River and Crooked Creek and a small portion of Meade 
unty to the southeast of Mea<le. It likewise occupies a large ter- 
or}' north of the Cimarron River, in the vicinity of West Plains and 
ringfield, reaching northward to l>eyond Santa Fe, thus occupj'ing 
arly all the broad, apparently level plain from Santa Fe to Spring- 
Id. The contour interval greater than 200 feet is represented in 
tfew places in this area so far as we know. A few miles to the 
rthof West Plains wells were found which were more than 2(X) feet 
ep, likewise in the southwestern part of Seward County and in an 
ea northwest of Santa Fe. Could a larger number of wells In? drilleil 
er the high plains of Seward and Haskell counties, it is <iuite possi- 
3 that this contour interval would be extended. 

LEVEL OF TERTIARY (iROUNI) WATER. 

The water contours cross and reci'oss the elevation contours in an 
egular manner. In one resi)ect they art* independent of the eleva- 
•n contours, and yet over small areas they l)ear a close relation to 
3m. Thus (m a given farm a well in the valley will have to be 
nk a much less depth than on the uplands near by, and the differ- 
ee in depth <*an usually Ik* clos<»ly estimated by obtaining the dif- 
ence in the surface elevation. For exami)le, water in the Arkansas 
lley at CHmarron can l)e had at a dei)th of from <3 to 1'2 feet, while 
niles to the north, on the uplands, 140 fi»et higher, a well would 
ibably have to l)e sunk 150 feet before water could be reacheil. 
? may cover much wider areas and still lind the same condition 
aining in a general way. If a c1os<m' s<*rutiny of the conditions 
?r wide areas be made, it is found that the uppt»r surface of the 
iilable water is by no means on a level, but that it has marked 
nations of elevation which in a general way agree or correspond 
;h the upper surface of the Cretaceous formations which lie buried 
leath the Tertiarj' sands. 

These conditions are well illustrate<l by the six different geologic 
tions crossing the area to Ik? described. Hy reference to them (PI. 
) it will be seen that the water level in the various wells is almost 
Lependent of the distance below the surface of the ground^ but that 
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it is largely dependent upon the distance above the imx>enriou8 floor. 
In directions along which the floor lies in a horizontal position the 
water level is likewise approximately horizontal. In directions al(mg 
which the floor varies greatly in elevation the water level likewise 
varies. Thus in section 1, passing north and south along the one 
hundredth meridian through Dodge, the same as in sections 2 and 
3 having a north-south direction, the water level is approximately 
horizontal wherever the Cretaceous floor is horizontal. Along the 
southern portion of section 1, where the upper surface of the Red 
Beds dips so rapidly to the south, the water level correspondingly 
falls at the same rate. 

In the Cimarron Valley, in the vicinity of Englewood, the water is 
found at less than 2,000 feet above the sea level, while 25 miles to 
the north it is found at nearly the same depth below the surface, 
which makes it fully 2,400 feet above sea level, or 400 feet higher. 
We therefore have an average inclination of the water level south- 
ward along the one hundredth meridian, from Minneola toward 
Englewood, of more than 25 feet to the mile. In east and west direc- 
tions we likewise find perceptible inclinations of the water level. 
Section 5, drawn east and west through Santa Fe, shows a fall of 
fully 200 feet in 56 miles, while section 6, passing east and west near 
Garden, shows a decline of the water surface of fully 300 feet in the 
same distance, or a fall of over 5 feet to the mile. 

The same conditions are found to obtain over areas much wider 
even than that covered by this report. The water in the Arkansas 
River Valley at Coolidge is no farther from the surface than at Dodge, 
although the latter is about 860 feet lower, or at Great Bend or Hutch- 
inson or Wichita or Arkansas City, although all the latter points are 
much lower than Coolidge. Similarly, the water of the high uplands 
anywhere in western Kansas, in general, is found at about the same 
depth, whether near the western side of the State or near the eastern 
limit of the Tertiary, although the difference in elevation may be a 
thousand feet or more. It is, therefore, correct, in a general way, to 
speak of the upper surface of the ground water as being approximately 
level when limited distances are considered, or when a distance extend- 
ing in a direction which chances to cover a level surface of the under- 
ground Cretaceous floor is considered. The elevation contours are 
consequently of great value in determining the depth to which a well 
would have to be carried to obtain water if located near a well of 
known depth. But if the prospective well is to be drilled 5, 10, or 20 
miles from any known well the elevation contours would be of but 
little if any value. 

The existence of such vast quantities of water in an arid and semi- 
arid portion of the Great Plains appears very remarkable. Could the 
thousands of pioneers who traversed these regions prior to the opera- 
tion of the transcontinental railway lines have known that the purest 
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ttnd sweetest water existed in snch unlimited quantities Ht so short a 
distance beneath the surface, how many of them in a few hours' time 
with spade and shovel would have supplied water to slake tlie thirst 
and maintain the life of man and 1>east throughout tlir (*ourse of 
those perilous journeys I But tlie idea of such quantities of water 
existing within easy reach rarely ontereil their inin<1s. It t<Mik years 
of occupancy of the Great Plains by thousands of citiz«»ns for such an 
idea to become well established. Even now, after almost ton years of 
active agitation of the subject, few people outside the ini mediate 
localities where such water exists realize the ext4»nt to whieli water 
may be found. 

As already explained, the whole country is underlain by a mass 
of impervious material, the CretaccH:>us formations, or the Red Beds. 
This impervious floor prevents the downwanl movement of watcrwhich 
may he al)Ove it. The Tertiary sands, gravels, and clays furnish a 
thin and moderately even covering on the top of this ll<K)r, a loose, 
porous covering, well adapted for absorbing all i)recipitali<m that may 
fall upon it and well suite<l for the transportation through it of water 
from one part of the count rA* to another. It is not iuH*essary, there- 
fore, that the water under any particular area should have fallen as 
lain or snow immediately up<m that area, but it may hav(» l)cen precip- 
itated tens or hundre<1s of miles away ami traveled by the slow move- 
ment now kno\%ni to exist. Nor is it necessary t<» assume that all this 
wat«r must have l)een precipitated within recent times. There is no 
reason for belicAingthat climatic conditi<»nson the (ireat Plains have 
sensibly varied for thousands of years. The rains throughout this 
long period haA'e l>een falling as at present, and such i)ortions of them 
as were not carried away by the run-oflf or l>y surface evaporation or 
lield as soil moisture have sunk to the fl(K)r and then* await the dnll 
and the pump. As the waler a<*cumulates al>«)vi» the iin])ervious floor 
it iBrst moistens the sand to tin* degree of saturaticm, and any excess 
is held under such conditions that it can Ik? <lrawn o(T by ])nq)er 
methods. 

As the downward perc.*olation continues, the level at which available 
water exists gradimlly rises, s<» that in the true sense of the term we 
may speak of the grcmnd iKMug siiturated upward, nu^aniiig there!)}- 
that in the natural order of the events of ac(Mimulation the level at 
which the ground water first Ix^came sufliciently abundant to yield a 
snpply was immediately alK)ve the impervious floor, an<l that, with the 
increase of water from above and from the sides, this level of avail- 
able water gradually ros<» in a manner similar to the way the upi>er 
surface of water in a vessel rises when water is a<lded. The upwanl 
saturation of the sands and gravels, then^foro, is dependent upon the 
accumulation of a larger 8upi)ly of water from pre(»ipitat ion or from 
underground movements. 

We may think of this body of underground water as existing in 
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the form of a lake or pool: not a lake with a perfectly level surface, 
nor one filled entirely with water, bat an undergroond lake the upper 
surface of which is inclined in any particular direction, dependent 
upon the relative conditions of supply and exhaustion and the rapidity 
with which water may move through the sands. Let ns again refer 
to fig. If explained in the introduction, the figure representing the 
underground conditions at Lawrence, in the vicinity of the Stat« 
University. Here we have a lake in one sense of the term, an area 
holding an excessive amount of water, so that the smallest opening 
made in it is instantly fiUed by the water flowing into it from all sides, 
just as an opening in a body of water will be filled by the movement of 
the adjacent water from all directions. But the upper surface of this 
lake is not level, because the water movement is so retarded that in 
the lower portions of the ground it can move neither upward nor lat- 
erally as rapidly as the supply is brought from above; consequently 
there is a piling up of the water similar to the way grain may be 
piled up in a bin. 

This represents the conditions in the western part of Kansas, the 
only essential difference being that the Tertiary sands and gravels 
permit a more rapid movement than can be obtained in the clays at 
Lawrence. This great underground lake or sheet of water is conse- 
quently uneven of surface and variable in depth. A depression in 
the floor will be filled or partially filled, so that the water-bearing 
sands in the valley of the depression will be thicker than on the sides. 
And yet we may have a floor inclined 10 or 20 feet to the mile, with 
the water-bearing sands uniformly distributed over it, so that the 
water will lie at about an equal distance above the surface of the floor 
over the whole plane. 

MEADE COUNTY WELLS. 

The Meade artesian area is located in the valley of Crooked Creek, 
to the northeast of Meade Center, extending from Meade Center to 
Wilburn. This gives it a length of about 20 miles, with a width in 
places of nearly miles. The area over which artesian water has been 
found to a greater or less extent covers from GO to 80 square miles. It 
is a broad, flat valley, apparently almost level, with scarcely anj^ ins- 
ularities of surface within it, except here and there small drainage 
channels which are cut downward from 5 to 8 feet, almost like an arti- 
ficial ditch. On all sides and in every direction from the valley the 
ground is higher, so that there appears to be a natural wall all around 
it. On the east and southeast the wall is from 50 to 100 feet high, 
with gently sloping sides, and the surface is largely covered with sand 
hills. On the north is a gentle rise towaixi Crooked Creek, producing 
a maximum elevation of about 75 feet between the main part of the 
valley and Crooked C-reek itself. But at the northeast, toward Wil- 
burn, the wall is much more abrupt, rising rapidly to a height of 100 
to HO feet, A tevr drainage channels originate lu the high ground to 
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the west and pass across the artesian valley to Crooked Ci'eek. Such 
channels present the appearance of mere ditches throughout their 
whole length within the valley, usually having their hanks lifted 
higher than the ground some distance back, showing the fiUing-in 
process to have been carried on by them, as is so commonly done l)y 
rivers after reaching their base-level. Crooke<l Creek is, throughout 
the valley, scarcely distinguishable from some of its tributaries just 
deacril>ed. It is almost insignificant in appearance, generally but a 
few feet wide, and can rarely l>e observed in the landscai)e until one 
is within a hundred feet of it, so closely does it i'eseml)le an artificial 
ditch in its general characters. It has also lifted its banks higher 
than the adjacent land to so gi*eat an extent that in some instances 
the surface a quarter of a mile away is lower than the top of the bank 
immediately at the creek. 

The uplands to the west of the artesian valley increase in height 
npidly, so that the plains to the north and northwest of Jasper, as 
shown by the Meade toiK)gi*aphi(.* sheet, are moi*e than 2,7<X) feet high 
not more than 10 miles away, while the general elevation of the arte- 
lian valley is between 2,4<h> and 2,o(h» feet. The Tei*tiary ground 
water of the high plains to the west is found at a depth of fnmi 125 to 
150 feet; conse<iuently the level of the water lu miles to the west of 
the artesian valley is from K.h) to 120 feet alM>ve the surface of the 
Valley itself. 

The artesian valley throughout is covered with Tertiary or Pleisto- 
cene deposits. The thickness of these formations is not known; the 
different artesian wells vary from 50 to 250 feet in depth, and no one 
of them has yet passed through the formations. To the north, b(\vond 
Crooked Creek, the Benton is shown at the surface in a few plares and 
lias Ixjen reached in man}' of the wells. To the northeast, a few miles 
beyond Wilburn, the Dakota was found by different wells. Soutli of 
the valley the Reil Beds appear at the surface, as the Benton and 
Dakota gradually grow thinner at the south until they disappear. It 
is further b< lieve<l that the strata were here faulted so that the Meade 
Vallev was sunk to an unknown distance, at least 1«h) to 15() feet, and 
that it has since Ijeen filled in to a considerable extent, probably in 
I^leistocene time. The character of the materials, as shown in the 
borings from diffeivnt wells here and there over the valley, ran not 
he distinguished from the Tertiary materials adjacent on all si<h»s. It 
*HcomiJOse<l of silt, clay, sand, and fine gravel, quite irregularly mixed, 
So that there is no greater continuity of the IxMlding planes than may 
be found in the Tertiary deposits (»lsewhere. 

The mortar l)eds produced by the cementing of the coai'se sand 
Seem to be almost wanting, but here and there the finer siind and 
^lay are fre<iuently partially cemented by calcium carbonate, produc- 
ing a certain degree of hardening similar to that observed in the mor- 
tar beds elsewhere. In character the cement so tr^i\vv^u\\>j ^I'iSisvsLXs^fc^ 
IBB S i 
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a concretionarj' a8i)eet that it seems probable it was deposite<l in the 
sands and clays by infiltrating water after they were placed where 
thev are now found. The artesian water is drawn from the Tertiair 
or f n>m Pleistocene beds composed of materials in everj' i-esi>eet simi- 
lar to the Tertiary materials surrounding the valley upon all sidet*. 
It seems sharply distinguishable from the Dakota artesian water 
known to exist to the north and northwest. 

The whole of the artesian valley is supplied with the ordinary under- 
ground water, which maybe found at from 5 to 15 feet below the sur- 
face. Its abundance is not kno>^Ti, as no one cares to use it. It would 
seem that it is sharply distinguisheil from the deeper-lyin«^ artesian 
water, as it has no apparent artesian proi^erties. But at the Sfime 
time it must l>e admitted that we are in relative ignorance reganling 
the rea.sons why the two are not connected. 

The artesian wells at prest^nt in successful operation number con- 
siderably more than 3<H>, an exact enumeration of them not ha\ing 
yet been made. In depth the wells vary greatly, some of them l>eing 
but little more than 50 feet deep, while others are as much as '250 feet. 
There is a strong similarity l>etween the materials passe<l through by 
all the wells if considered in a general way, but a lack of similarity if 
considered in great detail. Each one passes through the surface soil, 
l>elow which it encounters alternations of clay, sand, and soil. The 
sand is frequently pai-tly cementeil, so that the well driller's six^ak of 
it as rock, but the layers thus cementeil are rarely moi-e tha'n 1:? inehes 
thick, and frequently not more than inches. Two wells within 4(» 
rods of each other found a great variation in the numl^er and i-elative 
position of the l)e<ls of clay, sand, and rock, but all of them passed 
through the same materials. 8o far as could l)e learned, there is no 
particular stratum which must be I'eached l)efore artesian water is 
obtained. A mass of bluish clay, the color showing that considerable 
unoxiuized organic matter is contained within it, frequently i*estson 
the top of a bed of uncemented sand, stained yellow with ii-on rust. 
Such sand always contains wateK generally the artesian water, and 
indicates by the degree to which the iron oxide is produced that the 
artesian water is a surface water which has not yet been robl)eil of its 
supply of oxygen gathered from the atmosphere. 

But few wells have been studied carefully while being drilled. In 
August, 1890, the writer had a well put down especially for making 
an examination. It was located on the land of Mr. W. F. Fosti^r, 
near the center of section 0, township 31 south, range 27 west. The 
drill used was one rented from Mr. Cooper, a well driller living in the 
valley. In addition to the bit on the end, a jj^nip was attached so 
that water was forced down through the drill pipe, causing a constant 
flow upward outside of the pipe, the current bringing up the cuttin;,'* 
of the drill. In this way it was impossible to tell within a few inelu*^. 
or possibly a foot or two, of the depth at which a change of material 
was wade unless there was a change in the degree of hardness of the 
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il, SO that the one turiiiiisr the drill could ilete<'t the difference. 
11 was carrieil to a depth of lt»7 feet and obtained a ni<xlei*ate 
water fi-oni a l«M»se, yellow siind. 

/ of Mr. ir. F. FoMttr, tni Mt'i'tiou ».'. Itunmhip .'/ simth, ramj*' .',' «v.v/. 
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s learned from Mr. Foster and tli<» iiartirs wlio <lid tlie drillinj^ 
well previously drilled, located n<»t over 4<» rods to the west, 
almost none of the harder material. 1'he house well of Mr. 
a quarter of a mile to the east, one of the best wells in the 
likewise strm-k none of the harder materials. Kach of these 
lis was tlrille<l in alxiut four homes' tim<», which further shows 
: character of the mat<'rials passed tlirou<^h. Il was reporte<l 
'ew wells not more than 5n feet deep have produced consider- 
louuts of artesian water. From this they increase in depth to 
uum of 250 feet, the depth of a well drilled on Mr. Cooper's 
ibout '2k miles to the southwest of the Foster well. 
. but one exception, no well has yet l>een drilled in this valley 
nough to admit more than a 3-iuch \np<i. TW ^t^^ >^ms.v 
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have been available for use have been owned locallj', and have been 
handled by men who have had but little experience in well drilling 
outside the valley. Usuall}' a gas pipe from 12 to 18 feet long is put 
down to shut off the first water, after which no piping is used. In a 
few instances wells have been pipe<I almost their entire depth. The 
best now flowing gave but little water when first drilled. The}* had a 
mild flow bringing up sand, the flow increasing as moi*e sand was 
brought out. In some cases two or three wagonloads of siind have 
thus been thro\ni out by the water, after which time the flow reached 
a maximum amount and the movement of sand almost ceased. Little 
experimenting has been done to determine whether or not an increase 
of water could be pinxlucetl by properly piping the wells, or byj)ump- 
ing them vigorously until all the loose sand was removed. It is 
quite possible that flows could be greatly increased by these met bonis. 

An artesian flow may be found almost anywhere over the valley. 
Yet there are many instances in which wells have been drilled that did 
not yield a sufficient quantity of water to be of value. It is difficult 
to decide, with the data at hand, why some of the wells are successes 
and some are failures. In a few places the surface elevation seeius 
to be a little too high. A well in the Iwttom of a ravine will yield a 
pretty good flow, while in one drilled on the banks near by, the water 
will rise almost to the surface, but not high enough to flow. In other 
instances two or more wells may l>e close .together with the surface 
elevation the same, some of which will be good flowing wells and 
others not. It seems probable that this difference is due to two or 
more causes. The great diversity in the character of the material 
passed thnmgh in drilling the different wells makes it certain that 
the clay beds are irregular in formation and distribution. One can 
well understand how the disposition of these be<ls may cause a vari- 
ation in the results obtained. A mass of clay may carry the water so 
deep that the drill can not reach it. Or it is possible for a mass of 
sand to be entirely surrounded by an impervious clay, so that a drill 
penetrating the sand will receive no flow ]>ecause there is no pressure 
on the water the sand contains. The heterogeneous character of the 
clay beds, therefore, may be one of the main causes for such differ- 
ences in wells so close together. The experience with wells which 
ai*e of little value for weeks, or even months, after which time they 
become strong flowing wells, shows that in some way they become 
choked with sand, permitting only a mild flow until the sand is 
removed by pumping or otherwise. 

It aeems that the northern and western sides of the valley are the 
more productive. At present the best Mells are in the northwestern 
portion of the valley, but flowing wells have been obtained all the 
way from Wilbum, on the northeast, to Meade, or possibly a mile or 
two south of Meade, to the southwest. The flow of the wells varies 
from a pailful in five minutes to 45 gallons per minute. Approxi- 
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ite measurements have been made of twenty or more of the strong- 
: wells. A large bucket was accurately measured and filleil by the 
wa number of times, one person handling the bucket, the other 
Iding a watch to determine the numl)er of s<*conds i*ei|uireii for 
Ling the bucket. The test was rei)eated a nunil>er of times to elimi- 
te errors of observation as far as iK>ssible. In this way it is believe<l 
e probable error of measurement is not gi'eater tlian 1 or 2 i>er cent, 
ve or six different wells were found to yiehl 45 gallons per minute, 
venty or thirty exist which yield :>(» gallons i>er minute or more, 
Dm which the wells grade downwanl to the minimum flow. 
The water obtained from the wells is largely useil for irrigation 
Lrposes. Many of tlie wells were simply left flowing, and tlie water 
loweil to waste, without any attempt to use it. The number of acres 
■igated is far less than the estimated possibility. 
From data already given reganling elevations in the artesian valley 
id the uplands to the west, it will 1k» seen that the water level fi-om 
to 15 miles to the west of the vallev is eonsiderablv hiirher than the 
.rface of the gi*<mnd within the valley. The wells along the arroyos 
the west of the aitesian valley liave artesian propertie. whieli grad- 
illy deci'ease westwaixl. The depth of the water on the uplands to 
e west is nearly as great a mile away as it is 5 miles away, except- 
g where the well is locate<l in an arroyo of considerable depth. It 
ill not do, therefore, to consider the water on the uplands as moving 
istward under favorable conditions for creating a pressure through- 
it the whole distance, but rather it should Ik* considered that the 
ipervious Cretaceous or Red Bed floor sloi>es to the east at nearly 
lesame rate as the surface, and that the water is gra<lually moving 
)wn this gentle incline towai^d the east. Here and there, however, 
pa.sses under local clay beds, which carry the water to lower levels 
lan it otherwise would occupy, and a corresi)onding pressure is set 
[). In S4)me way, as the large artesian area is appi-oached, the water 
Jscends, and in the descent passes underneath the clay beds of the 
dley, so that a limited pressui-e is established. 
A few experiments were made to test the height to which water 
ould rise in an open tube at the well. All such experiments show 
lat the rise is only a few feet, perhaps always less than '2iK The 
•essure which causes the flow from the wells, therefore, can not be 
leto the extra height the water has 10 miles to the west, otherwise 
lehead would l>e much greater and the fl<iw correspondingly stronger, 
would seem rather that the pressure is due to the head generated 
r the gentle dipping downward of the water l(»vel a» it passes under 
le clay l>eds near the west lx)rder of the artesian area, perhaps rarely 
itending farther away than from 2 to 4 miles. The water in the 
rtesian wells seems to l>e continuous with the general upland water 
>the west. It is like it in character, and the two areas are connected 
y various wells. 
Springs throughout the artesian valley are by no m^axfii \vtv>Kws^T^. 
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A few are located in arroyos along the western border. The most 
noted area for springs is in the vicinity of Mr. Simms's ranch, a mile 
and a half north of Fowler. On the eastern side of Crooked (.'reek, a 
fourth of a mile or more away, a large area is so abundantly snppUed 
with springs and seeps that hundreds of acres of land are renden?<l 
worthless. The springs are principally located just along the Ixirder 
line between the valley proper and the higher lands to the east. The 
rank growth of vegetation produced by the moisture has provided a 
tough and heavy sod which protects the softer ground beneath, so that ' 
the range animals can pass over it with safety, except in the imme- j 
diat« vicinity of the strongest pools. Here the upward movement of j 
the water is so rapid and the sand which is frequently brought up ' 
with the water accumulates to such an extent that vegetation does not 
grow for a few feet around the springs. Such areas are death traps 
to range animals. Mr. Simms stated that numerous instances have 
come under his observation of animals becoming ingulfed in the rand 
and sinking out of sight, or, if not out of sight entirely, sinking tie 
full length of the body. In man}^ of the springs, by using a long pole, 
one can feel bones at a distance of from 8 to 15 feet below the surface, 
presumably those of buffalo and other wild animals which lost their 
life in the springs. It seems probable that these springs and the 
artesian wells receive their supplies from the same source. Theehar- 
acter of the water is the same; the location in general is the same; for 
artesian wells can be obtained in the immediate vicinity of the springs, 
and the whole character of the surroundings implies that; there is no 
essential difference between the sources of the two classes of water. 
The location of the largest springs is near the southeast valley line, 
along the eastern side of the valle3\ If the valley has been dropped 
by faulting, the water-bearing san^s in the valley are doubtless on a 
level with the Red Beds, or the underlying Dakota on the east. This 
condition would cause springs to be more abundant along the east 
line than elsewhere. 

Farther south, along the western tributaries to Crooked Creek and 
in the valley of Crooked Creek itself, springs and seeps abound. 
The largest amotint of spring wat^r flows through Spring Creek, » 
stream about 3 miles south of Meade. Springs are abundant through- 
out almost the entire length of this stream, but are particularly so 
about 3 miles south of Meade, in section 21. Here most beautiful 
springs exist. At one place with an area of not more than 10 square 
rods, the cold, clear water conies bui'sting forth from under the mortar- 
beds bluff, forniing a stream like a mill race. An approximate 
measurement from this one area gave fully 3 second-feet, which is 
eqtiivalent to more than 2,000 acre-feet, or enough to irrigate more 
than 2,0C0 acres with 12 inches of water each year. This is one of the 
most remarkable groups of springs anywhere in the West. It would 
seem that there is an abundance of water, however, in this one liitle 
stream to in'igaie more than 3,000 aereHV2me\i^^^«ieN\^^«iiT.^ provided 
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ere all used for irri^tion purposes ami proper care taken to guard 
inst waste. Al)out a mile below this <ri*oup af sprinjrs a ditch 
ws water from Spring Creek to irrigate the alfalfa fields (»ii C'i*ooked 
mch. The ivmainder of the water passes <ni down the ereek, and 
►rineipiUly use^l for st<^K?k water, although hen* and theiv small 
milts are taken for irrigation. South from Spring Creek the next 
It imiK»rtaiit tributary fixnii the west is Stump Arroyo, a stream 
ig which fnH[Uent springs occur, but which <hK»s not yield nearly 
unch water. One princiiwil ditch draws water from this creek to 
ws l)elow. All these springs are in the true sense connected with 
artesian area to the noith, and tlie discussion of them is relevant 
e, because they thi"Ow light on the origin of the water in the 
*sian vallev. 

Reviewing the whoh* matter reganling the origin of the water in 
artesian wells and artesian springs, it must Ih^ admitted that it 
ns the water is continuous with the onlinary underground water 
he west, and that it is therefore a part of the same. It is certainly 
inet from the I)ak(»ta water, an<l is so deep that we can not think 
es above the eastern extension of the water plane on the west, 
is of great practical im[)ortance to arrive at some conclusion 
irding the amount of available water in the artesian valley, and 
eeide whether or not the continued use vear after vear is liable to 
rroy the supply. It will hardly do to assume that wells could 
)ut down everv few hkIs over the entire vallev, each one of which 

ft ft 

lid flow independently of the othei*s. Artesian wat<'r in almost 
[)laces thtis far ol)served in any part of the world has Iwen found 
ii'ells which acte<l sympathetically with one another. When a 
ng-flowing well is closed, ordinarily adjacent wells have their flow 
jlerated. Few experiments have Im^cii thus far made in the Meade 
'sian valley to determine the influence of oih» well upon another. 
ly inquiries were made of citiz(»ns here and there in the valley, 

conflicting statements were given on these subjects. Some indi- 
aals were positive that the rapid flow of on<» well sensibly dimin- 
il the flow* in weaker on€»s near l.)v, while other farmers as 
)hatically state<l that on their farm the tt«iw of one ha<l no influ- 
f on the flow of another. It is probable that the former class of 
)rts are c<jrrect ; in fact, it would be fpiite remarkable were they nr)t. 
his condition need not neeessiirih' argue against the large suj^ply 
mter in the valley. In all cases where wells are close together 
y mutually influence one another, provide<l the rate of flow 
JUgh the water-l>*aring strata — san<l, gravel, or whatever it may 
-is not .sufficiently givat to maintain the flow as long as the supply 
s. IJut most IkmIs of siin<l and gravel are so close grained that 
1^ is an appreciable check in the rate of movement of the water in 

sand, which in most instances will i-esult in the sympathetic 
on of adjacent wells. 
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It appeal's to the writer, therefore, that the question of supply of 
water for artesian wells depends more on the source of the water 
than it does on the mere rapidity of the flow from any well or from a 
group of wells. The facts already given certainly imply, as has 
been seen, that the source is the ordinary' ground water to the west 
and northwest. If this is correct, the question of supply is essen- 
tially the same as the question of the supply in the upland areas. 
So long as water exists on the uplands from 5 to 20 or 40 miles 
away, it is probable that it will likewise exist in the artesian wells. 
Could a sufficient number of wells be drilled, and could the flow be 
continued from all of them a sufficient length of time, it seems rea- 
sonable to suppose that a diminution of the suppl}^ of water on tlie 
uplands would first be observed, and later of that in the valley. It 
is probable that the small area, less than KM) square miles, in the 
artesian valley and the valley of Crooked Creek below Meade, could 
drain the whole of the uplands to tlie west, and that their supply of 
water would not become exhausted so long as there was any available 
water anywhere in the broad plains to the west or northwest. We 
are therefore brought to the consideration of the amount of this 
ground water, a subject discussed later in this report. It is sufficient 
to say here that, in the judgment of the writer, water enough could 
be obtained, were it properly husbanded, to irrigate such parts of the 
Meade artesian valley as anyone is likely to want to irrigate during 
the next half century. 

QUANTITY OF TERTIARV GROUND WATER. 
DIFFICULTY OF ESTIMATION. 

No one can give more than a mere approximation of the amount of 
Tertiary ground water in western Kansas. The wells which thus far 
have been drawing their supply from it, with but few exceptions, have 
shown no indications of failing. A few wells which were located on 
the outer margin of the water area have l)een known to became 
exhausted by rapid pumping. Others which have only i>enetrated 
the water-producing sands a few inches, or a foot at most, have like- 
wise been known to fail. But no instances have yet been found of a 
well failing, or seeming to be in failing condition, provided it was 
uncjuestionably within the water-producing area and had a depth of 
5 feet or more in the water-bearing sand. Of course this does not 
necessarily mean that the supply is inexhaustible, in the true sense of 
the term. But it mav well be taken to mean that Anth anv moderate 
amount of pumping — even an amount several times greater than has 
yet been pumped — the supply will not be found wanting. 

It is supposed, and perhaps correctly, tliat water is more abimdant 

in the Arkansas River Valley than on the uplands either north or 

south. More decisive pumping tests have been made here than at any 

on the uplands. The city weU at Garden Y^V^^^^w\%\\vfe's,^\Mi«5jt 
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made within this area, a supply sufficient for a town of 2,000 
ibitants l>eing furnished. Tlie largest pumping plant within the 
:e is located in the Arkansas Valley, at Hutchinson. Here the 
ehinson Packing Company have three pumps which have l>een 
ning constantly for-several months, pumping at the rate of about 
10 gallons i)er minute, the equivalent of 5,(110 J mX> gallons per day, 
liout appreciably affecting the water supply. This is almost 8sec- 
-feet, an amount approaching the iiow from the big springs already 
bribed along Spring Ci^eek. Tliere is no reason for believing that 
amount of water here is anv greater than anvwhere else in the 
ey from Coolidge to Arkansas City. A like amount, probably, 
Id be pumped from every quarter section of lan<l within the whole 
ley. Should such pumping be doiu* all at once, it doubtless Avould 
rease the supply, Imt no fear need l»e entertaine<l that the water 
I not l)e sufficient for all denmnds that will be made upon it for a 
J time in the future. 

oald the water level in the valley be appreciably lowered, it is 
te evident that water would be drawn into the vall(»y from the 
and areas to the south, and to some extent from those to the 
fh. Tlie rapidity with which the movement toward the river 
lid be made would depend uixm a number of conditions, such as 
degree of exliaustion and the character of the material through 
ch the movement takes place. Should the draft be sufficient 
t)wer the water in the valley 2(> feet, there would result a high 
le of inclination on the upper surface of the water at either side, 
ling to .set tip a rapid movement from Ixith sides into the valley. 
!, a gradient of 20 feet to the mile is less than now (»xists under 
nal conditions in the area to the north and west of Englewood, 
yet the water is not drawn away so rapidly but that it is almost 
•ywhere jiresent. Shotild any other area be appreciably exhausted 
he excessive pumping from a well, or a gi'oup of wells, so that the 
er surface of the water would Ik? materially lowered, water would 

in from all directicms to supply the deficiency, and in this way 
one well would drain a consi<lerable area. 

is therefore exceedingly diffictilt to draw decisive conclusions 
rding the sum total of the water in the (ireat Plains of the West, 
jing from the amount that any given Avell or series of wells may 
luce, so long as the pump does not entirely exhaust tlie ar^a. All 

can be said with certainty at the present time is that, with the 
e amount of ptimping which has already been done, no indica- 
s of exhaustion have vet been observed. 

ft 

SOURCES OF TERTIARY GROUND WATER. 

is of great imix)rtance to consider the sources of the supply and 
rapidity with which the supply can l>e transmitted to different 
lilies. Should we look upon the ground water as constituting a 
t reservoir, it is evident that the amowut vfv>\\\(V \>^^o\sv^ ^wWx^^ 
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exhausted unless there were a corresponding eontinuunce of the sup- 
ply. Should pumping l>e l>egun from Lake Michigan, it would sooner 
or later entirely exhaust that vast bcxlv of water were it not for the 
large a<lditions to its volume every year by the surface drainage of 
adjacent territory. It is possible to determine the amount of pump- 
ing that could be done without appreciablj'^ lowering the water in the 
lake, by an estimation of the amount of water added by the surface 
dminage year by year. Likewise the question of the supply of water 
for western Kansas is lai-gely one of the rate of tlie renewal of the 
ground water. Any estimation on the subject '^iiich neglects this 
factor will in practice prove to be faulty, should the time ever come 
when the sum total of exhaustion is more rapid than the rate of sup- 
ply. Enough is known on the subject to demonstrate that pumping 
from the underground reservoir must be many times greater than that 
which has j^et been done before the exhaustion will nearly equal the 
rate of supply. In many places throughout the country springs of 
great strength abound, and lesser seeps supply water to pools and 
living sti^eams. Should the exhaustion by pumping be appreciable, 
it would hmt be notice<l in the rate of flow of the springs and seei»8. 
Nothing of the kind has yet l>een observed. 

The original source of all the Tertiary watei*s is precipitation. 
The areas over which this precipitation falls are large and varie<l. 
In Meade County the average rainfall is about 18 inches per annum, 
a rainfall which varies from year to year and from month to month. 
Sometimes heavy falls are known, reaching from 3 to 4 inches or more 
at a single storm. With stich storms an undue proportion of the 
water runs off through the drainage channels, leaving perhaps less 
than half to be absorbed by the ground. At other times the rain is 
so light that it will wet the ground for only a few inches, and entirely 
evaporate within a few days or weeks, so that perhaps no appreciable 
part of the lighter rain joins the general ground water. 

The character of the soil has a great influence on the run-off. In 
the sand hill area to the south of Arkansas River and to the east of 
Crooked Creek, and in the southeastern corner of Meade County, it 
requires an unusually heavy rain for any of the water to join the run- 
off, the whole of it being absorbed and held by the porous sands. On 
the uplands, where the Plains marl is abundant, as well as in the 
river valleys, where a similar soil exists, the character of the soil is 
such that only a small amount of the rainfall is absorbed, while » 
correspondingly large proportion joins the run-off. The conditions 
of the rainfall and the charaeter of the surface soil over the whole of 
the Tertiary of western Kansas and eastern Colorado are about the 
same on the average as in the area covered by this report. Probably 
more than half of the total precipitation falls in severe storms, or i" 
light rains. We have, therefore, unfavorable conditions for \h' 
Al>sorption b}' the ground of a high per cent of rainfall. No one haj> 
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ade any accurate obser^-ations on this subject with a view to deter- 
ining the "per cent of the total rainfall which is absorbed by the 
"ound; but, as seen in the Introduction, it is only a small part of the 
t«l amount absorbed that ever l>eeomes availaV)le as water supply. 
The Tertiarj' formations extend west, in some jilaces reaching almost 
the Rocky Mountains, but in other places they an* separat<Hl from 
e foothills by the high ridge known as the "Hogback," and by the 
gh divide farther north. Towawl the mountainous ai-ea generally 
e rainfall increases, so that the average anuual precijutation is 
•eater than in the west of Kansas. 

A grreat deal has l)een said and written reganling the probabilitj^ 
lat precipitation in the mountainous region will r(»ac]i western Kan- 
ts. It may l)e adde<l that little, if anything, is positively known on 
le subject. AVe have the Arkansiis River carrying its waters all the 
av from the mountains through the ixreat Plains. The eastwaiil 
iclination of the surface is such that the water in the l>ed of the 
tream atone place is higher than the uplands only a few miles below. 
lereand there throughout its course the Benton or Dakota bluffs hem 
he water in, s<^) that it is confined to the channel of the stream. At 
ither places such impervious bluffs do not exist, and the loose, porous 
rertiar3' sands and gravel spread from the uplands directly down into 
the river valley. There are many places where, so far as the eleva- 
tion of the underground fl<.»or itself is concerned, un<lerground wat(»r 
may be drawn from the Arkansas River an<l spread over all the v.ist 
plains lying l>elow. Whether this actual!}' <k?cui>; or not can be deter- 
mined onl3* by a careful and detailed study of the water l<»vels north 
and south of the river. At present we have so few wells in the irreat 
ttnd-hill area south of the river in Kansas and Colorado that no con- 
clusion of value can l>e reache<l in this discussion. The level lines 
have shown that the water in the wells t» or s miles south of the river 
ftt Garden is at a little lower level than the water in the river itself. 
The same in a general way is true at I)o<lge.' Later investigations 
haveadde<l but little informati<m on this subject for the areas covered 
V the sand hills, the difficulty l>eing that so few w<»lls h(»re exist. 

From the meager data at hand, we an^ forccMl to conclude that at 
diflferent places thnjughout its cours<*, so far as'tln* water gradients 
*fe eoncerneil, ground water might 1m» deflt»cted from the river valley 
Southward in its eastwanl movement and ultinmtely become a part of 
the great b<xly of gmund water on the i)lains only a few miles farther 
^ast. If such deflection ever occurs, we have a nuiss of water gathere<l 
^it)m the rains and melting snows in the mountainous area ))eing 
^iTied across the divide by the Arkansas River ancl ultimately spn.^ad- 
ingover the high uplands to the sf»uth of the river. This is only one 
^the conditions which are jKissible, so far as the iufornmtion now at 
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hand indicates. It is entirely improbable, however, that any con- 
siderable proportion of tlio water in the plains south of the river 
eomes from the river itself. It is probable that if a detaileil exami- 
nation were made it would l)e found that the water in the sand-hill 
region is a little higher than in the river. This statement is made 
because it is customary for rivei-s to serve as drainage chaunels rather 
than as supply channels. The usual condition is for undergroimd 
drainage to be from the uplands into the rivers, the same as the 
surface drainage. 

Should a considerable proiK)rtion of the water be deflects f rt>m the 
Arkansas River Valley to the plains at the south, we should find a 
much larger amount of water south of the river than exists to the 
north, unless thei^e is a similar deflection in places to the north. There 
are some reasons for thinking that this may be true. Farther east, 
in Clark, Comanche, Kiowa, Pratt, and Stafford counties, and the level 
lands to the east toward Wichita, there is a larger proportion of 
springs and streams with living water in them than we find In general 
to the north of the Arkansas. But it must \)e confessed that with »> 
few absolute data as are now available reganling the actual amount 
of ground water, arguments pro and cdu on this question are of little 
worth. A careful study of the subject would be of value. 

At different places along the Arkansas, where the bluff lines of the 
valley are composed of Tei'tiary material, both in Colorado and Kan- 
sas, soundings should be made at frequent intervals to determine 
accurately the level of the ground-water sui'face both north and south 
of the river. If it should be found that there is a uniform rise of 
the level outward from the river, this would show that the under- 
ground drainage is uniformly toward the river rather than away from 
it. If, on the contrary, at any time during the year in periods of 
high water it should be found that the ground water at or near the 
river is higher than at localities farther back to the south or north, 
this would seem to show the iK)ssibility, and even the probability, of 
water l>eing deflected from the river toward the general uplands. The 
direction of the movement need not be at right angles with the river, 
nor nearly so, but probably would be in directions somewhat similar 
to those usually' followed by drainage channels which draw water 
from tlie river. If such lateral deflections of ground water are made 
to appear probable, there can be no doubt that at least a portion of 
the precipitation over the mountainous areas drained by the Arkansas 
and the Platte rivers nmy become spread out over the great uplaii'l 
plains and furnish an essential part of the plains ground water. H- 
on the other hand, such deflections of ground water in the river val- 
leys are shown to be impossible, it may well be doubted if any of tli^ 
mountainous precipitation joins the ground water of the plains. 

It must be remembered that the underground movement is jro^' 
erned lai^ely by the character of the surface of the undergroumi 
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.•eous floor which has already been described. There are strong 
:ie reasons for believing that this Cretaceous fliH>r in most 
\ east of the f«K>thiUs has a greater elevation than the under- 
fl water level in the great trough -like art*a trending north 
onth to the west of the '"Hogback" ami tlu» high divide, so 
he eastwanl motion of the water would In* iinixissible, except 
ind there where thei-e might 1h* a rhannel or depression in 
retaceous flcNjr similar to those alon^ the Arkansats and Platte 

• 

atever conclusion may ultimately ]>e i-eachc^l i-eganling the 
lility i»f an eastwanl undergnmnd miivemcnt fixmi the moun- 
themselves, the rate of the movement of the water through the 
is, after all, of the most imiM>rtanc<*. When water is being 
ed from a well, it is not S4) imiKn-tant to know the amount of 

10, 5n. or Umi miles away, as it is to know the rate of move- 
through the siiiid of the water immediately a<l,jacent the well. 
naximum supply that the well <-an furnish will Ik? dependent 
the rate of the inflow to the wi^ll, an<l only remotely \\\H)n the 
otal of the water over the whole area. The rate of movement 
pwise of great iminirtanre in <'oiisiderin^ the total amount of 
ible water on the j»1ains as a whole, 
uld the precipitation an<l the pi-oporticm of the pn^cipitation 

joins the ground water Ik> greatly increased, unless the iK)ssi- 
.te of underground movement wore corn»si)ondingly increa.sed, 
ible masses of water would ten^l to pile up where the precipi- 

occurs, without sensibly affect in;r the supply in other parts of 
nintry. Thos4» who l>elieve in a mountainous source for a part 
.» whole of the plains water must therefore 1h* able to show 
he rate of eastwaitl movement is suftieiently rapi<l sensibly \i> 
ise the available water at different places on the plains. Other- 
he increased precipitation in the mountainous areas would be 
avail. 

J doubtful if laboratory tests are of mueh value in this discussion, 
ise the conditions ji:overning them are not appli<'able. The incli- 
1 of the surface, tin* jHirosity of the stratji, the ease with which 
may pass from one stratum into another as the strata lK»come dis- 
lued, are some of the (piestions whi<*h must bt» considered. In 
xi)eriment neglect of any oih» of thes<' eonditions, ainl jirobably 
"» not vet fullv underst^KMl, will cause the results obtained to Ix* 
le if any value in this considt^ration. We may have a mass of 
or gravel largely comi)os<.'d <»f <*oarsc grains or jH^bhles, s(» that 
it thought it would seem that water would flow freely through 
f, however, there is a small amount <»f silt or clay disseminateil 
gh the mass, this will liave a most inqiortant influence. The 
i» masses of gravel in such cases not only do no gotnl, but do 
; for each grain, lK?ing imi>erviou.s, rendei's just that much space 
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impervious. It is probable that the rate of flow through a hetero- 
geneous beil of this character is governed by the finest materials in 
the bed. Investigations of the subject, therefore, must consider the 
detailed geologic conditions of the area studied. 

SUMMARY. 

In summarizing the foregoing discussions regarding the amount of 
water, it may be concluded that there is a surprisingly large amount 
of water in the Arkansas Valley, and a similarly surprisingly large 
amount on the uplands, although perhaps smaller than in the val- 
\ey. The springs along Spring Creek are the best single evidence 
we have of the large amount on the uplands, and the pumping tests 
in the valley, particularly at Hutchinson, are the best tests we have 
of the amount in the valley. These, combined with the almost uni- 
veraal presence of water, and the meteorologic and geologic condi- 
tions already explained, furnish good reasons for believing that the 
amount of ground water under the area here described is sufficient to 
meet any demands that will likely be made upon it, even shouM 
industries spring up in the West which will use many times as nnuli 
water as now seems probable. The greatest needs for western Kan- 
sas now, and for the whole plains area, are better methods of raisinir 
water from beneath the surface, and better methods in using it. 

IRRIGATION DEAT:L.0P3IENT. 

Irrigation is now practiced to a considerable extent in the Arkansas 
Valley and along the Cimarron River and Crooked Creek. Nunienuis 
small reservoirs and irrigation pumps are also established ou the 
uplands, some of which have proved to be surprisingly successful. 
In the valleys the principal crops raised by irrigation are alfalfa and 
fruit, but on the uplands little is irrigated besides gardens and fruit. 

The water in the Arkansas River is so low during the greater pari 
of the year that the canals are dry, but in times of freshets they are 
used to a considerable extent, and the thousands of acres of alfalfa and 
orchards and other crops are quite thoroughly irrigated (mce a year at 
least, and upon the average two or three times. This is sufficient to 
produce a moderate crop of alfalfa during a dry year, while in an ordi- 
nary season it will give from three to four cuttings of hay. 

The acreage varies from year to year, depending upon many mattei> 
which affect the prosperity of the farmers in that part of the State 

Several hundred acres are also irrigated in the valley from pumps. 
In most places the water is raised less than 12 feet, so that windmills 
are very efficient, a 14-foot wheel furnishing ample power to run an 
8-inch pump that will throw from 5 to 8 gallons at a stroke. Irrigation 
from mills is on the increase, as it frequently happens tliat dry 
weather in the spring and early summer is disastrous before water 
from the river is available. 
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narron River carries a large amount of water during a part of 
ear and is rarely dry in this part of the State, as it is fed by 
gs from the ground water. Irrigation is practiced to a eonsider- 
extent in different places along the valley. The largest tract 
r water from the river at present is the Clearmont ranch of Col. 
. Perry, at Englewood. This ranch at present has about 1,100 
. under ditch, but Colonel Perry's plans are to reduce this amount 

acres, as he thinks the same amount of lal)or expended on a 
ler acreage will give better returns than when spread over a 
r piece of land. Formerly general farming was conducted at 
ranch, but it has been found that with the nmrkets as they have 
itl3' been it is more profitable to raise feed for stock and to mar- 
he animals. During the summer of 180G, therefore, no field crops 
>D8equence were raised except alfalfa, sorghum, and kaflftr corn, 
of which grows with great luxuriance. PL XII is a map of Clear- 
t ranch, sho^iing how the water is drawn from the Cimarron and 
>rincipal laterals employed in distributing it Qver the ranch. 

certain times in the year the water in the Cimarron is slightly 
, particularly in dry weather. This apparently i^roduces no bad 
effects, principally because the most imgation is done at times 

1 the river is flush and consequently the water least salty. 

le large amount of water furnished by the springs of Spring Creek 
rtiallv used on the Ci*ooked L ranch, which lies in the vallev at 
junction of Spring Creek and Crooked Creek. Here about 5(X) 
» are under irrigation, devoted principally to alfalfa, the water 
k'hich is drawn fn)m Spring Creek. PI. VIII is reproduced from 
>tograph, showing the head of the supply ditch. Below the mouth 
)ring Creek a few snmll fields are irrigated from the creek, but 
so large as the Crooked L ranch. 
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DEPARTiri^rr "F the Interii-k. 

UxnXi* >TATE> «tE^»1>*tK AL SlRVEV. 

I»I'n>I,..N .jF HyT'R.-.RaPHT. 

Sir: I havf- ihe honor :•• transir:": b»^r»rw:: h ;i riafiereii:::!*-^ >^-ef«a£?e 
STatenitif Northern Utah. l»v >AiiiueI F'''r::-r. :ir»»ftrs^.r -'f irriiiaiion 
MigineerinL' at thr .V^euhural College at L:«£:aix, r"ah. The faois 
lerein preseni^^i an- lias^i iipB>D neM work »-arr:r-: "C maiisly •iarinff 
be sammer of lSCt»\ ari«l have >r^^:al valor ic f.I .i<:r.iT:n:: iT^ndirions 
fhieh prevail ti> a ^T*^T»-r or !•=-» •lirjT'ee :hn»u^h«"«n* al; irrigaT**.! 
iDdSw especially within :nt:%K#r»: va'.It-y< or <*ii loni:. narr^jw lirainaire 
rstenis. 

One <»f the matiers whirh mi^s: tv»mpl:«jA:e an-i rml^rrasB? xhe 
Ijadieatiou of war»rr rijhr* ari'i :Lr <:rlt.v enftinT-meii: of priorities 
r appropriati«»n aris*^ fn^m :h»- f.-v:: :ba* a <^»n5:«iera'.t:»- Tiilnme of 
ater availal»I«=* for \tt\z^'\*'*ii 'InriLi: ?K«^ <^-ri::ea! ?-=^a>-:in ^^f th*:- vear, 
hen the en»fx are iiiatxirin;^'. O':^.^-^ fr»»m the >e^j:ia^»- insui lands 
igher iipe»tream to which Wii:#-r ha* >»-en applieij ear!'>r in the year. 
a some eases th€s**^ land> havt^ T«-»-ri irrlzate-i in denanr-e -^f a strict 
>iistruetion of the law retjar^lins :h^ priori -y ^if ri^ht to nse water. 
Ut it has been elaime*! :hat ^ui-h xa*-, instead yd i.»^inir a detriment 
> the lands below, has lieen a >»er:-f-". anti. :n faet. that there has 
een more water available in '•■•n?-^iUen«:-e nf :h:s us-^ than •■■•uld other- 
iiie be had. Tlie determinaTi«fn -.'f :hew- niat;er> re«jn:res careful 
leasarement and sindy in ea^.-h *-A'^. uv *\i*^ work of Pn'»fe>sor For- 
ep serves to indifrate what may r^ e\jie«::e«i iind*-r •similar ivmditions 
Eld ill Qst rates metho<ls app!i«-aril»- to thi« ^-xaiiii nation. 
Very respectfully. 

F. II. Newell. 

Hon. Charles D. WaL4^ «>rr. 

Ui rector L 'n itt* i S^'J ^* -r '/*»/' x/ » r/j I S'frr*^^, 
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I*Y ^A3«rEL Fi'KTir.K. 



liOCATiox AXi> rri:iH»K \%t t:ik inve>tu.ation. 

The Xf'Tui "j^^'itA^^ \f;*:or" S ::>-.-; l«y :l.i- ir::i:a'-»T> iii xhv We>: lo 
.esignate ihe wait-r wLii-li redi-ht-> ihe ki^i-M ^rr^'Unds or the si ream 
lianneb, swelling the laiier b\ iiiii.icrvv]i:i]<lr <:t-^'i\-t-> and kt^piu*: up 
he flow long afier iht- rains haw Lx-a>*^] and :he snow hasi nu-luxi. 
rhe word '' seepage" is ajiplie«: jtiirTii-uL-iny :•• 'Aw waw r whioh Ivpns 
© appear in spiits l*elow irrisra" imii faiinN and cul; ivaTe^i nelds, usiiaiiy 
lome months or even years afu-r irriiTiiiiiin has 1 it-en ininHlnotM. and 
Krhieh tends !•• ^-onven tin- Itiw lands int*i marslu-s and irives rise To 
rprings, whii-h in turn may W employ t^l in watt-ring Mther rields. 

The importanee of a thoniULrli kui»wlt^igr nf the Kdiavior of set-p- 
ige water is obvious whi-n *-«»n>id»-!-;iTi«in i> givt-n tM tht* elost- ndati»»n- 
ihip which exists Ijetwt-t-n Th»* jivailablt- waiter supply and the matiTial 
Prosperity of the arid rt-gion wht-ii* irrigation i> prai.-t iitnl. This is 
EUirtieularly true of Utali, where evt-ry rt*adily available s^mn-e of 
iupply ha.s long >in<T- lie^-n utiliz*=-l ami wlu-re the i:apidly inervasing 
^ricultaral iK>pulation neet-ssitai^-s tlit- «iiniplt-t«- utilization of all 
fresh waters. 

The measurements and inveMigation> «*f set>pai;e water dt-sfrilHil in 
this paper have lie«.-n e«.»nfine<l mainly to CaHie ValK*y, l>eing inelud«ii 
within three eounties in northern I'tali. WVln-r. Koxtdtler. and I'aihe, 
ftnd one county. Onei<Ia, in Idaiio. The conditions may Ik* taken as 
fairly typical of those in thr <Mitire Stat*-, and to a It-ss extent *»f thost^ 
of adjacent States. A full knowlt-du't* of the s*-epagf water will W 
of inestimable value in th»- develi»pinent of Cache Valley, owing to 
the conditions now existinjr. The t4»wii.s ami farming communities 
'^ere settle^l for the most jjart from :J«» t«» 4r» years ago. The tribu- 
tes of Dear River have supplied all irrigating waters, an»l many of 
''he ditches and canals have wat«-r rights extending over a i)eriiHl of 
^ years. These early ditches were the lii>»t built to divert water f i\>m 
^r River and its tributaries, and according to the law of prior 
appropriation wliich prevails in I'tah, Wyoming, and Idaho, the three 
^^tes through which Bear River flows, the early canals of Cache 
'^alley have water right.s prior to all othern. Roxeldet CwwiVj \«». 
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iit least a qiiarhT of ii inillioii ftcivH of fertile irrigal)k' laml, ami w^ 

til* exceiitiiiii of Itoxelilci- I'l-oek, Willunl CiTek, and (itlwr sr 

sti-eams wliosi' tigyifyali* Kiiiiinii>r (luw (liips iiol esin'ollOsewuiii ;r — 

it is I'litiiH'ly ik'iM'iiden) ii]><iti l!eiir Itivcr for the water iiewss:iw- 

irrigalo its rxtciisiv** area. 

The time is iicil far ilislniit when etnillieltt over water rights :- 
arista between the irrigatoi-s of those eounties, and it is thpi>— _^ 
highly iiiiiKHluiit to polleet and reem-d now all the physical (latjM^^s^ 
sible iH'rtaininjr In the eapai^'ities of the im^atiug ditdies, the 
watei-ed liy eaeh, and tlio jajneral behavior of all sources of siL^c^^-; 
To put off the eolleetioii of such facts until litigation lia8l>egui»^z='_ 
to attempt Ui render court dceisioD» u^xm the <ionllieting testitnc^^M^oxiri 
intfi-csted witnesses only, is full of danger. Moreover, a stiidr - 
liydrogi-n]>liy of lleui- River and its liibutflries is complicated, 
t«the fact that three St«1es obtain water from this oiieBoarce. 
ingthene.xtdi'onght many of the irrificators of northern Utah are 
to suffer serious loss from a seareitj' of water in Boar River, caul 
its divei-sion through canals in Wyoming and Idaho. If the 1 
prior appropriation is to l>e accepted for intei-stato priorities, it ^ 
the utmost iini>nrtanee thai all e):istingwater rights be clearly delll 

Theiv is still another important »|uestion which such work rnKf 
in solving. It may be »tjite<l thus: How much of the water dive 
and iitiiizi-d in the upper valleys retin-ns to the river channel in tt-^ 
to be divcrteil by lower irrigators? On account of variatioDS 
climate, soil, and toiKigraphy, the results ohtainetl in one section lo 
be worthless when applied to othei-s, and the only way to detenniC 
the behavior of irrigating waters is to nuike the necessary mcusar^^^;:^'' 
ments in eaeh valley. I'ntil this work is at least partially accon^^^l^^^ 
plishcd there can be neither a just nor a i>ennaneut apportionmeiL-^^^ 
of api>ropriate(l Avatcrs. ^^ 

The facts upon which this ]>a]M>r is based wei-c obtained diiria^^^ 
investigations miule in the summer of isitii. In this work the mile "^^ 
was ably assisted !)y Messrs. .1, 1.. Uhead, Tlionias II. Humphrey*-' 
and John H. Baker. The expenses were iKnne jftintly by the ITla^*' 
Agricultural Experiment Station, tlie Division of Ilydnjgraphy of th* 
United States (Jcological Survey, and tlic boai-d of county comiaii^ J 
sioners of Cache C<)unt,y, Utah. Owing to the large cost of transportB' J 
tion, it was necos,sai'y to confine the greater part of the work to Cacb'' 
County, Ut«h. In t'aehe Valley, which comprises tho cultivated por- 
tions of this count J- and t he .southeast <'rn part- of Oneida County, IdaliH 
the field operations consisted in the measui-eineiit' of everj' stresa 
flowing into the valley at three dilTerent times during the season; als> 
the determination of the capacity of every ditch and canal in the namf 
valley at least thn-e times, and accurate cnrreut-met«r measurement] 
and daily reeoi-ds of t he outflow of the valley thi-ough "The Narmirs' 
oa Bear Hivei: While this work was m \ivo9,TeaK an attempt wasalso j 
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uade to locate the head gate and determine approximately the route 
rf each ditch and canal. Tlie results of such surveys ai-e rei>roduced 
n the accompanying map (PL I). The progr<»ss of the iield work 
hronghout tlie season is fairly well shown l>y the iuiml>er of streams 
md canals measured each month. Fn)iu Juno 15 to 30, ISlMj, there 
irere 58 measurements; in July, I'M; in August, 11:?; in September, 
LOG; and in October, 10; making a total of 420. 

ITie chief object which the writcM- had in mind in making a partial 
lydrographic survey of Cache Valley was to determine, if possible, 
t)y daily and semiweekly gagings, the ratio existing between the inflow 
[diminished by the volumes used in irrigation) and the outflow. This 
ratio being known for a continuous i>eriod of three months, an oppor- 
tunity is aflfonled to comxjarc the loss of water due to evaporation 
with the gain due to seepage. Other objects held in view, of minor 
importance to the student of hydrogr{tl)hy but ix»ssessing great value 
to the irrigator, were the average flow of the various ditches and 
canals, the amount of the surx)lus waters of the larger sti*eams, and 
the duty of the irrigating waters. 

There are several hundred natural and artificial water channels 
in Cache Valley if the main laterals are included. It is safe to 
sussert that prior to June 15, IsiHj, less than six measurements had 
been made of these canals and streams. This recoi-d does not include 
ihe work done since 1S80 by the United States Geological Survey, 
B^hich perhaps comprises fifty stream measurements in Cache Valley 
ilone. It was thought that if each canal and small stream were meas- 
ured first in June, then during the latter part of July, and lastly 
ibont September 1, the results of the three measurements would repre- 
sent, with some exceptions, the greatest, medium, and least flow dur- 
Jig the season, and that the average of the three I'csults might be 
-Hken as the average flow of such canal or creek. 

ORIGIN OF tSEKPAGK WATKKS. 

The water containe<l in the oi>en spaces cx^curring in clay, sand, 
ffravel, and other materials of which soils and sul>soils are composed, 
18 known by various names, such as soil moisture, ground water, 
S^und storage, sulwurface sup[)ly, and the like. When this ground 
^ater moves down an inclined stratum of porous materials, the term 
*«epage water seems to Ix^ more appropriate than that of ground flow, 
•^hich many writers have recently used. Seepage water conveys the 
^lieaof lateral motion, but Avhen one uses the terms *soil moisture," 
^*ground water," or "underground water," this conception is usually 
tiot implied. 

The water content in <lry soils may ]>e so small as to admit of only 
^ slight vertical movement duo to the forces of capillarity and ovap- 
ciration. On the other hand, portions of soils and subsoils may be 
Completely saturated, but so located that the water confined thQCA\A. 
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is stagnant. In sucli causes then^ iran Im^, no lateral flow. Seepage 
waters as herein defiii<»d may l)e regarded as coming fi-om three 
sources, which, however, are not always distinct: (1) fix>m unculti- 
vated hillsides and mouut^iin slopes; (2) from irrigated land; (3) 
from the beds and side slopes of water channels. 

It will be i^eadily understood that a complete determination of the 
quantity of water which comes from that Avhich is stored in the ground, 
on any particular drainage basin, involves more than a knowledge of 
the results of the stream measurements made in such basin. It is pos- 
sible, for exami)le, to ascertain with considerable accuracy the amount 
of surface Avater which flows into a valley, the volume used in irriga- 
tion, and the outflow, but without knowledge of the losses occasioned 
by evajioration, the problem of seei)age waters is indeterminable. 
For the want of much necessary infonnation in relation to the pre- 
cipitation and evaporation of northern Utah, there is herewith intro- 
duced in outline some of the more recent observations made elsewhere 
in connection with the quantities of water evaporat-ed from water 
surfaces and from ground surfaces or transi)ired from i)hint folia^. 

In examining the water sui)X)ly of any section, such as C'ache Valley, 
it is desirable to begin with a study of the rainfall. If the complete 
history of each raindrop or snowflake were known from the time it 
falls to the ground until it again returns, in the form of vajior, to the 
atmosphere, water problems could be readily solved. The total vol- 
ume of water which falls as rain or snow on any particular Avatershed 
may be subdivided into four parts, Avhich var}^ widely in accordaDce 
with local conditions. Of these, one i)ortion runs off the surface and 
fills the streams, especially during the spring months; a second rinks 
into the soils and subsoils, enters the fissures of rocks, is absorbe<l 
by porous strata, such as sandstones, and is the chief source from 
which wells and springs derive their supplies and streams their Ute 
summer and autumn discharges; a third part of the annual pre- 
cipitation is evaporated from ground and water surfaces; and the 
fourth i)art develoj)8 plant growth. From the standpoint of the 
farmer, that i)ortion utilized in developing plant growth is the miyi^ 
important. Cultivated plants are chiefly dependent on the water , 
which sinks into the ground; hence the imi)ortance of the latter to 
the irrigator. 

Relatively too much attention has l)een given to the surplus flov 
in si)ringtime and too little to that derived from ground storage. A 
reference to Logan River may serve to illustrate the difference Iwtween 
that portion of the rainfall which rushes off the surface of drainage 
basins, either when snow melts in spring or when cloud-bunsts occnr 
in summer, and that which sinks into the porous covering of "the 
mountain slopes to issue later as tlie flow from the ground storage, 
maintaining the streams during the late summer and autumn months. 
During June, July, and August of 18l):j, the rainfall as measured at 
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eriment Statiou on the baain of Logan River was only one- 

foiirtli incli. The huow oii 

the mountain ranges hnd nil 

melted before the end of J uly, 

yet on the 3d of fScplembor 

there was a flow in Logan ^^ 

River of 250 secoiid-fwt. 

Where did this supply come 

from? The sliglit rainfall 

need not be taken into iu*- ,g 
I raniut, for it is safe to iiasnme 

J that an amonnt manj' times 

I illl greater than the rainfall was 
llllllll evaporated. It could not ,4 

have i'onie from melted snow, 

because the snow had disai> 

pearod as \'aiior, had run off, 

or had sunk into the ground iz 

long l)eforo tliv expiration of 
I illl '^'^ ^''"^ named. The only 
****'"** available source was the flow 

from the ground storage; in 10 

other words, the seepage from 

the mountain slopes. 
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PRECIPITATION. 



The records from a numix-r 

of iniitortant localities whei-e 

the olwervat ions are most reli- 
able have been taliulateil by 

Mr. .Tames Dryden, ini'lcor- 

I |r-l{ oh^ist of the Utah K\i>cri- 

lllllll 'lU^iit Station. These reeoixis 

extend over jiast periods var\'- 

ing from three to tliirly-threo 

years, and i-epi-esent <|uile 

a<rcurat«ly the preeiiii1ati<in 

on the valleys and tnblc lands. 
The diagrams and tables 

hen^in given are timipiled 

princii>ally from information 

obtained from Mr. Dryden, 

Pig. 1 is a graphic represen- 
in tation of the precipitation for 

each month of the year at 
five northern stations. At Corlnne, Boxelder County., th« 
»f greatest rainfall tor twonty-&vo years ^vaaXjewi "DftCMH&«.^-i 
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■SraiiiBhairlBft 
mthly nlnrmll 
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Ftq.S— DlasramshovliiK 
mean animal rmlnfkU In 
Inches at U itaUoDsln 
Utah. 
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averafpng 1.8 incheH. January, February, March, April, and May 
have remained nearly constant at about 1.25 inches each, while the 
dry months have been June, July, August, and September, which have 
not averaged one-half inch each. This distribution of the annual 
precipitation is typical of nearly every section of Utah. A glance at 
the diagrams of fig. 1 is sufficient to show that June, July, August, 
and September are the dry months, and as these constitute the greater 
part of the period between seed time and harvest, the rain evidently 
falls at the wrong time. 

Salt Lake County, as represented by the rainfall of the city of Salt 
Lake, has averaged during the past thirty years 16.53 inches, but 
during the four summer months, beginning June 1, the total average 
rainfall has been less than 3 inches. From 1870 to 1895, Weber 
County, as represented by the station at Ogden, has had an average 
annual precipitation of 14.02 inches, but the four summer months 
have not averaged one-half inch. The diagram at the bottom of fig. 1 
gives the mean monthly precipitation for the State as obtained by 
averaging the results of the more impoi-tant stations scattered in vari- 
ous parts and located at different altitudes. This exliibits the deficient 
rainfall during June and the gradual increase through July, August, 
and September. Fig. 2 gives the average annual precipitation at 
twelve important stations, these being arranged in a general geo- 
graphic order from north to south, the most northerly being Lofifan, 
in Cache County, and the most southerly St. George, in Washington 
County, in the southwestern comer of the State. The numbers at the 
bottom of the figure refer to the stations named in the table below. 

The following table gives for the 12 selected stations the approxi' 
mate elevation above sea level, the length of the record in years, and 
the mean annual rainfall during this time: 

Mean anmujU rainfall at 12 sfaUoiis in UtaJi, 



^ 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



Place. 



Logan 

Coiinne 

Ogden 

Salt Lake 

Heber 

Fort Duchesne 

Levan 

Fillmore 

Moab 

Loa 

Parowan 

St Qeorge 



County. 



Cache 

Boxelder 

Weber 

Salt Lake ... 
Wasatch . . . 

Uinta 

Jnab 

Millard 

Grand 

Wayne 

Iron 

Washington. 



A1)ovo sea 
levcL 



\ 



Feet. 

4,500 

4,232 

4,340 

4,354 

5,500 

4,941 

5,100 

5,100 

3,900 

6,900 

5,970 

2,880 



Length of 

record in 

years. 



Mean an- 
nual rain- 
faU. 



5 

20 

26 

33 

3 

8 

8 

4 

4 
o 

15 



Inches. 
13.81 

11.78 
14.02 
16.53 
16.97 

6.35 
18.45 
13.60 

6.95 

6.38 
12.55 

6.31 



na>.) ETAFOBITIOH. 

telow 18 given the mean monthly rainfall for the same period: 
Mean monttU^ precipitation at twelve ttalion» in Utah, 
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,35 
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.M 
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.31 
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liore than the usual amount of rain fell in Cache Valley during 
16, as shown by the following tnhle, which gives the precipitation 
Jane, July, August, and September of that year, and also the 
jrages of all past records for the same months: 

Precipitation at Logan, Utah, for four months. 



Jane 

July 

Angnn 

September. 
Total 



0.46 
1.40 
1.49 
0.91 



EVAPORATION. 

Uany tests have been mntle tu tliffercnt pai-lHof the worhl to ascer- 
n the amount of water evaporated fi-oni walor Hurfaces. The util- 
tion of this information is, however, iimilcd chiefly to hydraulic 
^eers who wish to determine the losses fruiii reuervoir and lake 
rfaces. A knowledge of the actual volumes of water evaporated 
>m such surfaces is of little diri-cL value to Western trrigatoi-s, for 
J reasons that the operating forces are entirely beyond their control 
a the evaporated walor in lioriie away by the pi-evailing winds. It 
ght be some satisfaction to know that the evaporation from the sur- 
»of Great Salt Lake was only Co inches yearly instead of SO inches, 
some would have us believe; but that knowledge alone might not 
Able us to reclaim an additional acre of land in Utah, although the 
lerence of 20 inches yearly over the ei^ira surface o( the \a.Vft.-««s(!X& 
IBB 7 2 
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comprise a volume of water sufficient to irrigate a million acres. 
There is good reason to l>elievo that little of the moisture withdrawn 
from the Utah lakes returns in the form of rain or snow within the 
confines of the State. Tooele County bordei-s on Great Salt Lake, 
but with a prol)al)le annual evaporation of 6 feet near its shore line, 
the parched soil receives yearly on an average only about G inches 
from rainfall. 

Comparatively few measurements of evaporation have been made 
in Utah. The most important were those carried on at the reservoir 
in the rear of Fort Douglas, immediately east of the city of Salt Lake. 




Fic}. :J.— Evaporating pau and Roalo. 



These observations arc mentioned in the Eleventh Annual Report of 
the United States Geological Survey, Part TT, on pages :]0 to ;U, and the 
results are given briefly in the Fourteenth Annual Report, page l^^- 
Similar measurements were made ft)r a few months at Provo an<l 
Nephi. 

Tlie apparatus used by the Geological Survey in making observa- 
tions of evaporation consists of a galvanizeil-iroii pan 3 feet squaiv 
and 10 inches deep, immei^sed in water and kept from sinking by mean:* 
of floats of wood or hollow metal. Into this pan water is poured until 
the surface is within from Mo 2 iue\\es ol l\iQ to\>, th.Q attempt being 
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nade to keep the pan as full as possible without spilling over the 
dge. Tlie temperature of the water inside the pan has been found 
»y experience to be practically uniform with that of the surrounding 
rater in the ditch or pond in whicli the pan is placed, varying from 
b usually not more than 1 or 2 degrees. If the pan is kept full, so 
hat the edge or rim does not offer an obstruction to the wind, the 
vaporation fn>ni the surface inside the pan shouhl be a[)proximately 
he same as that from the surface of the water outside. 

The amount of water evaporated is determined by measuring the 
lecrease in height of water, observaticms being usually taken once or 
lometimes twice a day. These are made by means of a brass scale 
mng in the middle of the pan and provide<l with diagonal bare upon 
irhich the reading is magnified about three times. By the use of this 
scale it is possible to read differences in vertical height of one one-hun- 
dredth of an inch. This method of observing the height of water is 
prol>ably not si) gooil as that by means of a hook gage, but is some- 
what simpler and the api)aratus is less expensive. An improvement^ 
has lieen propo.sed, consisting of a rod fixed rigidly in the center of 
the pan and rising to within 1 or 2 inches of t he top. Water is put into 
the pan until the point of this rod is al)out to be submerged, as shown 
by the menis<nis. As the water evaporates more is added by means of 
% tin cup made of such capacity that one cupful is equivalent to a 
lepth of one one-hundredth of an inch on the surface of the pan. 
Hie observer lias only to reconl the numl>er of times the cu[) is filled 
md emptied into the pan. 

The following table gives the results of the measurements at Fort. 
Douglas, the observations l>eginning on August 23, 1880, and ending 
U May, 1803. They were made by a soldier, Charles M. Lowry, 
letailed for the piu-pose. Owing to numerous <listurbing influences, 
*Uch as heavy wind splashing water into the pan or rainfall adding 
o the quantity, or, during winter, the freezing of the surface, it was 
"arely jwssible to continue observations consecutively for more than 
i few days at a time. The table gives, then»fore, the numl>er of days 
H each month during which fairly reliable results were obtained, and 
llso the average of these daily observat ions. This avi»rage is assumed 
O be that for all the dhya of the month, and is therefore multii)lied 
>y the number of these to obtain the approximate monthly total. 

1 Physical daU and statistics of California, 18MS, p 373. 
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Observations were rondueted in a similar manner at Provo duriof 
a portion of the month of Ot-lober, 188fl, giving an average daily evap- 
oration of 0.10 iDph, and at \ephi, at iiiter\'als daring a part of the 
fsame year, giving a mean daily evaporation for June of 0,13 inch; fM 
July, 0.16 inch; for Angnst, O.IS inch, and for September, 0.10 inrh. 
Similar f ra^entar>' resnltti have been obtained fur localities in otlier 
part« of the West,' The longest series, however, is that begun in 1SS7 
by Prof. L. G. Carpenter at the Experiment Station at Kort Collins, 
Colorado. The evaporating pan at this place is 3 feet square and 3 
feet deep, sunk into the ground, the height of water being measured 
by meanH of a liook gage. The resolts have been published only np ; 
to the end of 1801.* 

MoHtklp evaporation at Fort Collin*, CtAnrado, in inches. 
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A(. Mm iixi)(>rimoiit station located at Laramie, Wyoming, Prof, J. D. 
Ciiiili'y noU'ci ti toUil ovai>omtion from April 17 to October 22, 1895, of 
m.O'i Im-hoH, lUatribut^Mi hh follows: vVpril 17-30, 2.53; May, 7 
.litno, ll.ai; July, 7. :.»!!; August, (1.07; September, 4.94; October 1 
'J.iia ln<-h<>H. Ill this tt'Nt the evaiwration was measured by means of 
II hiKik unite within a tniik Hiu-O with galvanized iron, and holding 
wheu fnli a t>iil)i<- iiieUtr of watiM.^ 

I'l-of. T. HiiHHoll, in the Monthly Weather Review for September, 
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1888, gives the results of one year's observations, from July 1, 1887, to 
Jane 30, 1888, of the Piche evaporonieter. 

From this article are obtained the following fignres, wliich give the 
computed evaporation in inches at several points: 

Estimated dejith of erapiyration in inchen. 



Station. 



Salt Lake, Utah 

Boido City. Idaho 

Winnemncca, Nev 

Denver, Colo 

C*heyenne, Wyo 

Helena, Mont 

Santa Fe,N. Hex 

Tnma,Ariz 



Jan. 



Feb. 'March.' April. May. 



1.8 
1.0 
0.9 
2.8 
3.3 
1.1 
3.0 
4.4 



2.7 
2.6 

2.8 
3.7 j 

•>•' ! 

3.0 
3.4 

tl. M 



3.0 . 

3.8 I 

0.2 

3.5 

4.0 

2.1 

4.2 

0.0 



7.2 



0.1 
M.l 
7.0 
H.2 
0.1 
0.8 
9.0 



0.9 
0.5 
9.3 
5.8 
5.2 
4.3 
H.8 
9.0 



•Tuue. July. 



8.9 

0.0 

10.1 

10. 5 

10.4 

U. :> 

12.9 
12.0 



I 



9.2 

10.0 

11.5 

8.3 

8.0 

7.2 

9.2 

11 



Station. 



Aug. Sept. 



Oct. ' N 



Salt Lake, Utah 


10.7 ! 


Boise City. Idaho 


9.2 ' 


Winnemuoca. Nev 


12.0 


Denver, Colo 


8.5 


Chevenne, Wyo 


7.7 


Helena. Mont ...... 


1 • f» 
1 . 1 


Santa Fe.N.Mex 


9.8 


Yama,Ariz 


10.2 



9.0 
7.4 

9.9 
0.1 
8.0 
0.4 
0.0 
S.2 



0.5 
5.2 
0.0 
4.9 

5.8 
4.3 
0.7 
8.2 



ov. 

5.0 i 
3.2 i 
3.7 
4.2 

0.1 

3.0 ! 



!12mo8.;Precipi- 
DtH'. ovapo-i tation 
; ration.' in 1888. 
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5.5 



2.3 
1.8 
1.8 
.3.1 
3.5 
2.1 
2.7 
4.0 



74.4 
83.9 
83.9 
09.0 
70.5 
53.4 
79.8 
95.. 



.. I 



13.02 

11.09 

4.89 

9. .SI 

14.51 

10.14 

12. fO 

2.95 



An estimate of the total amount of yearly evaiK>ration fi'oni water 
surfaces in this State, based on the foregoing facts, would vary from 
3 to 6 feet in depth, depending upon the temperature, f requeue}', and 
Telocity of the winds, dryness of the atmosphere, and like conditions. 
From the same data we may conclude tliat, generally speaking, the 
evaporation during the four months of May, June, JuU', and August, 
or, in other words, the irrigation perioil of this section, is equal to 
that of the remaining eight month.s. 

The comparatively large loss by the yearly evaporation from wet 
ground surfaces of tho Western States is of far greater importance 
than the evaporation which takes place at water surfaces, for the rea- 
son that, in a measure, it can 1h» controlh'd b}' man. Such conserva- 
tion of the obtainable wat<?r supply- results in ha^ing available a 
balance which can be utilized in reclaiming desert land and in increas- 
ing the productions of land now cultivated. 

One of the cheapest and most effective methoils of checking excess- 
ive evaporation is cultivaticm. In this regard Utah irrigator have 
an important lesson yet to learn. The custom of the majority is to 
apply large quantities of water to growing crops, making a paste of 
the top soil. In less than twenty-four hours the water in this top 
layer is evaporated, leaving the ground hard and baked. Under such 
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oouditions it is astonishing how rapidly the soil moistnre is evapo- 
rated. If this top crust is left iindisturl^ed for a few days, the soil 
becomes parclieii, the crops apparently suffer for lack of moisture, 
and the unskilled irrigator fancies the only remedy is to apply more 
water. 

With the most careful attention while irrigating, it is not possible 
always to prevent the formation of paste by the mixture of line soil 
and water and the subsequent baking; but the robbing the soil of it« 
moisture through excessive evaporation can be avoided by breaking 
up the surface crust as soon as it forms and by keeping the surface 
layer thoroughly pulverized, thus effectively checking evai>oratioii in 
even the hottest weather. 

Recent experiments have shown that evai)oration from the surface 
of soil can bo greatly decreased by mulching. The effect, for example, 
of a 3-inch layer of broken, compacted oat straw, spread evenly over 
the surface of a strawberry field in Minnesota, was to decrease the 
evaporation by 605 barrels per acre, and the gain in moisture to the 
soil of a vineyard by a similar treatment 'was 1,600 ban-els per acre, 
sufficient to cover the entire sxirface to a depth of nearly 2 inches.* 

It has been repeatedly demonstrated that wind is a prime factor in 
increasing evaporation from both ground and water surfaces. AMiile 
it is true that the frequency, course, and velocity of the winds lie 
beyond the control of the agriculturist, yet by planting suitable trees 
to form wind-breaks within and around cultivated fields, much bene- 
fit may l>e gained. The foliage of the trees will decrease the tempera- 
ture, increase the Inimidity of the air, and break the force of the 
wind. 

Perhaps the most complete test of the amount of wat^r evaporated 
from soil and water surfaces was made in England by Charles 
Greaves,' M. Inst. Civ. Eng. His results an* Humnmrized by Fanning 
as follows : 

The mean annual rainfall during the time (1860 to 1873) was 27.7 inches. The 
annual evaporations from soil were — minimum, 12.07 inches: maximum, 25. U 
inches, and mean, 10.58 inches: from sand — minimum, 1.43 inches; maximum, 9.10 
inches, and mean, 4.65 inches; from water — minimum, 17.33 inches; maxiiuTun, 
26.93 inches, and mean, 22.2 inches.^ The climatic conditions of arid America are 
so unlike those of England that the above results do not in the least apply. Ther 
show, however, that, other conditions being equal, the amount of evaporation from 
ground surfaces is somewhat less than from water surfaces. 

Dr. E. Wollny of Munich confirms this view when, in summarizliiir 
the work of three j'ears on evaporation from land surfaces, he <*oii- 
cludes:^ 

(1) That the quantity of moisture evaporated from the soil into the atmosphere 
is considerably smaller than that evaporated from a free surface of water. 

* Bulletin No. 3S, MinnesotA Agrricnltural Experiment Station. 
» Trans. Inst. Civ. Eng., Vol. XLV, pp. 3-29. 

•A Treatise on Hydraalio and Water-Supply En^rincering, l»y J. T. Panuinif, 1889, p. 0.). 
*Prof. E. Wollny, Forschungon, Vol. XVIU, p. 48ft. A\vstTwtftd iu tho Monthly Weather 
Review, Department of A jrricultur*?, NoveinWr, \?Kft, p. *'?£. 
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(2) That the evaporation is smallest from nake<l saud, and largest from naked 
clay, whereas naked tnrf and Inimns or vegetable mold have a medium value. 

(3) That the evaporation is increased to a considerable extent by covering the 
ground with living plants. 

(4) Evaporation is a process that depends upon l)oth the metef)rological condi- 
tions and on the quantity of moisture contained by the substratum of soil. 

(5) Among the external circumstances, temperature is of the greatest impor- 
tance, inasmuch as, in general, evaporation increases and dimini<ihes with it: but 
this effect is modified according as the remaining factors come into play and in 
proportion to the quantity of water su])plied l)y the substratum. 

(6) The influence of higher temi>eniture is diminished more or less by higher 
relative humidity , greater cloudiness, ft>ebler motion of the wind, and a diminishetl 
quantity of moisture within the soil, whereas its inliuenct? increases under oppo- 
■ite conditions. 

On the other hand, low temjoeratures can bring al>out greater effects than high 
temperatures, if the air is dry. or the cloudiness small, or the ^v^nd very strong, or 
if a greater quantity of water is ])rest>nt within the evap;)rating substance. 

(7) For the evaporation of a free surface of water, or for earth that is com- 
Iiletely saturated with water, tlie iTni»r)rtant ehanents are, first, the tem])erature: 
next, the relative humidity of the air. and then the cloudiness and the direction 
ind velocity of the wind: whereas, for tlie ordinary moist earth, no matter whether 
the gnrface is naked or covered with living plants, it is tho (jnantity of rain upon 
which the soil depends for its moisture that is the important additional consid- 
eration. The effects of the external elements on evaporation lMH-t>nie less 
important, as exi)laine<l in paragraph 5. in proportion as the X)recipitiitioii is less 
and as the soil is more completely dried out by the pn'vious favorable weather, 
■nd vice versa. For these reasons the rate of eva]voration from a free surface of 
WHter not infreciuently differs largely from that from tho resjKHi'tive kinds of soil. 

(8) Free surfaces of water and soils that are continuously saturated evaporate 
into the atmosphere on the average more water und«T otherwis«> similar circum- 
stances than soils whether nake«l or covered with ]>lants and whether watered 
irtificially or naturally. Only ar special times, viz, when the influence of the 
factors that favor eva]H)ration is most int(»nse. wh»'n the plants are in the most 
active jwriod of growth, and when tin* soil contains a large percentage c^f water, 
can the land that is covered with plants s1k>w larger evai)orating pr>wor than the 
free water surfjice. 

(9; When a soil that is not irrigated is rovere<l with plants, it evaporates a far 
g;rcater quantitj' of nioisture than when the surface is bare. In tho former case 
the evapTiration can not excee<l the quantity receive<l by the soil from the atmos- 
phere before or during th<» ]»eri«Ml of ;;rowth. Swampy lands and those tliat are 
well irrigated, as also free surfaces of water, can, under circumstances favorable 
to evajKiration. sr>metimesgive to the atmosplu're a greater (iuantity«)f water than 
oorres|Kmds to the pn.»cipitati<jn that (j<'cnrs during the same time. 

(10) The evajwrating power of the soil is, in its^-lf. dependent upon its own 
physical properties: the less its permeability for water, or thr* larger its capacity 
for water and the easier it is ahh* ti» restore by capillarity the moisture that has 
been lost, by so much the more int^'iisive is the evaiH>ration. For this reas<m tho 
qoantity evaporat^Ml increjises with the ])ercentage of i-lay and humus in the soil, 
whereas it diminishes in proiM:>rtii)n as the soil is ri<:her in sand)' and coarse-grained 
materials. 

(11) Soil that is covered with plants loses by evaporati(m so much more water 
in proiK>rtion as the plants are Injtter <leveloped, or st'ind thicker together, or have 
a longer period of vegetation, and vice versa. 
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^ In the above summary^ Dr. WoUny touches upon various phases of 
evaporation which have an important bearing on Western irrigation. 
At present there is little data to enable us to compare intelligently 
the results obtained in Germany with those in this country. IIov- 
ever, some of the Agricultural Experiment Stations are taking up this 
work, and in a few years we may hope to know much more of the 
behavior of soil moisture and ground waters and their relation to plant 
life. The main object to be attained in the artificial application of 
water to soil is to develop plant life, and as this can be accomplished 
only by creating A moist soil and subsoil, it is necessary- that we 
endeavor to ascertain the greatest possible i)ercentage of the total 
precipitation that can be used for this purpose. In this State evap- 
oration from both water and land surfaces must be regardeil as one 
of the chief sources of waste, and as such deserving of careful study. 

TRANSPIRATION. 

In arid America agricultural products are almost entirely depend- 
ent upon the water supply. As a rule, the soil is fertile, containing 
in abundance the elements necessary for the development of plants; 
but if the water supply be either deficient or applied at the wrong 
time, a i)artial growth will result. The portions of a wheat field that 
are missed at the fii'st irrigation seldom yield one-third of a crop. 
These dry places may be irrigated subsequently, but the second water- 
ing can not restore the shrunken cellular tissues nor the lost vigor. 
The skilled horticulturist has learned by experience and observation 
how and when to irrigate his fruit trees. AVTien the trees are young, 
water is conveyed in two furrows only, one on each side the row of 
trees and at some little distance beyond the farthest roots. As the 
tree grows, the roots thrust themselves farther into the soil, but chiefly 
in the direction of the water supply, and in the following season the 
two furrows may be increased to four, until finally, in well-matured 
trees, all the space of 20 feet or more between the rows is thoroughly 
watered. By such a methoil water is not only provided for the soil, 
but is applied in such a way as to lead out the roots in quest of 
moisture and food. 

Much has been written recently on subirrigation, and many agri- 
cultural experiment staitions have gone so far as to pronounce this 
method superior to all others. By it water is conveyed through pi^ 
buried in the ground and is discharged tlirough a large number of 
small holes located opposite each tree. This mode of irrigation 
has not been successful. In the first place, it is an impossibility 
to cause water to discharge equally througli so many orifices; and in 
the second place, the water is deposited at particular points in the 
soil, around which the roots of plants are sooner or later massed. The 
few advantages to be gained by applying the water beneath the sur- 
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face can not be compared to the disadvanta^res due to the diffiriiliies 
ill the way of its distributiiin and 1«» the tiintt- ntratinn nf the nxiis at 
partieiilar places. 

The injurious eflfecT?* ujHm v»'*:t'T;uii»ii iau>e<l by t-iibi-r un^ lit lb* 
water or t<x»niUi'b art- rli*arly iiluMnit«-tl by ilio rc-sullsnf ^-xjHTinients 
niad«' by Dr. E. WuUny* nn >unniit'r rajn*. a> ;:ivvn in the folU»winsr 
table. In this, the first r(*lunni pvfs iln'iK-r «-fiit nf water in thi* s<>il 
as compared to the total water-hnMingrai^ifiiy. Tin* >«nMind «*i>linnii 
gives tile niunl»er nf |hiiN iii-»Nliii-»-<l. a\\*\ the fiilli»\vinu i*t>IiUHns jrive 
the weijrlit nf the variuiis jMirt>: 
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In ^rowin^l>lan(s in jMitsit is ]M)s.Hibl«* t4»ap])ly .iu>T tin* right aiiiotint 
of moisture, but on the iiTi^rat*^! fifM it is somewhat difTereiil. At 
each wateinn;r the gnMiml i> for a time nearly ^«ltll^al4•d. Part of 
this excess water is s<H»n evajMH-atetl. either from the i^nrnml «»r indi- 
rectly through the f<ilia;r«*. Another part .••inks into tin; >ubsi»il, and 
the remainder keeps tin- soil moist. If this soil moist un> can 1k^ 
niaintainHl in the ri^ht ])n»iH>rtion. or. in oth«*r words, if tho amount 
drawn from the subsoil by eapillarity 4M|na]s the loss by <'vai>ora- 
tion until the next Avat4*rin;:, the ei-op will jjroAv under the most 
favorable conditions as rei:aid> moist nri*. If t<H» litth* water is 
applie<I to the surfa*'** and the subsoil wattM' for somo eaiise is iuaeiH'S- 
silile, the erop M'ill sutler ami beennn* moi-e or less tlwarfeil. On the 
other hand, to(» nun-h watf*r iiL-iy koi'ji the M»il n«'ar the exlremo «>f 
complete s;iturati« in and prtMluee uiKtn ve;;i>tation as harmfid etTe(*ts 
as to«» dry a s<iil. A eubie fiiot of average s«ul Avln*n thoroughly sjU- 
urate<i will contain from 'J't to :;•» jMiunds of water. Aocoriling to 
WoUny's exi)erinn-nu the Iwst r»*sults Avore obtained on sununer rajH* 
when aliout 40 ]>er eent of tln» empty span* in the s<»il was lilleil, which 
would Ik* equivab»ni to fi-om lo to IJ |H»unds of water in every cubic 
f4K>t of soil. 

We may thus ela.s.sify iiriHluctive soils under thive heads in relation 



* EzpfriiiifUt Stiitinn Rt^tinl. Vul. IV. |>. Xti. 
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to the percentage of moisture which each contains, viz, as dry soils, 
moist soils, and wet soils. It may also be said that in each of these 
classes the amouijt of water drawn up by the roots and transpired by 
the leaves differs. The magnitude of this transpiration of vapor 
through the foliage of plants has been investigated by Messrs. King, 
WoUny, Ilellriegel, and others, the results of whose labors are briefly 
summarized in the following tables: 

Amount of icater required for a pound of dry matter in Wisconjiin,^ 




Year. 
1891 


Water per 

pound of 

dry matter. 


Yield per 

acre, 
pounds. 


402 


7,441 


1892 


375 


14,196 


1891 


501 


8,861 


1892 


525 


8.189 


1891 


301 


14), 845 


1892 


316 


19,184 


1892 


564 


12,486 


1892 


477 


8,017 



Water per 

acre, 

incbeft. 



13 
23 
20 
19 
26 
25 
30 
17 



Ratio of icater evaporated to weight of crop harvested, an shoieii lyy ejcperiments 

of Hellriegel and Wollny,^ 



Crop (Hellrief^el). 

Horse bean.s _ . . 

Pease 

Barley 

Clover - 

Spring wheat.. 

Buckwheat 

Lupine 

Spring rye 

Oats 



Water 
evaporated. 



262 
292 
310 
330 
359 
371 
373 
377 
402 



Crop (Wollny). 



Maize 

Millet 

Pease 

Sunflower 
Buckwheat 

Oats 

Barley 

Mustard .. 
Rape 



Water 
evaporated. 



238 
416 
447 
490 
646 
665 
774 
843 
912 ! 



According to Ilellriegel, as shown by the above table, 330 tons of 
water would be absorbed hy the roots of clover, drawn up through 
the stems, and evaporated from the breathing pores of the leaves, for 
each ton of clover harvested. If the yield be estimate at 3 tons per 
acre, the (juantit^'^of water per acre is 990 tons, or a volume suflBcient 
to cover the surface to a depth of nearl}' inches. So far as has bi^en 
ascertained, no tests have been made in the Rocky Mountain region 

»P. H. King, Afrricultnral Kxperlment Station, ITniversity of Wisronain, Ninth Annual R«»p(»rt 
IfiBS, p. U. 
'Department nf Agriniltnre, Experiment fttation KecoTd^ViA. IV ,\v C>!»i. 
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•f the amount of water actually conRunied by the various agricultural 
rops between the time of germination aitd tlio liarv4»st, but observed 
acts seem to indicate timt this amount varies witli the conditions of 
oil moisture. 

In sections of northern Utah, where water can not l>e readily or 
cheaply conveyed to iiTigate the hind, tlie fields arc usually sown in 
irheat and cultivated "dry," the annual 3'i(»ld being from 12 to 25 
jushels per acre. During the perio<l of growth the rainfall is occa- 
uonally less than 1 inch, and the soil an<l subsoil ai)parcntly are very 
In'. If the quantity of water consumed by the wheat was ev4»n one- 
Ihinl of that given by Pi*of. V, II. King for barley and oats, which 
iveraged a depth of nearly 10 inches over the entire surface ciilti- 
rated, it is difficult to conjectnr<* where the supply could come from. 

On irrigated lands the casi^ is quite differenl. Th<^ pi'oper amount 
)f moisture is maintaine<l in the soil, tlie plant is kept in a healthy, 
rigorous condition, and the normal amount of water passes through 
ts tissues, tearing the neces.sixry mineral HmmI rurnishcd by the soil. 
[t is not unusual to irrigate alfalfa every other week, and to spread 
in amount of water over the surface during its ])eriodof growth sulTi- 
•ient to cover the gn)und to a depth of feet. A part of the water 
used in irrigating usually sinks into the subsoil and flows off as seep- 
ige water, a second part is 4»vaporate<l, and th<» third i)art, possibly 
jne-third of the whole supply, passt»s through th(» tissues of the plant 
[ind is mostly transformcHl into vapor at the ]eav<»s. 

The sagebrush and grass4»s indigenous to the uncultivatcMl lands 
of the Rocky Mountain region rcipiin* but litth' moisture to maintain 
their slow gmwth. In the vieinity of Corinne, JJoxehler County, 
Utah, the average annual rainfall ftjr tlu' past twenty- five years has 
l)e«n less tlian J2 (1 1.T.'J) iiich(>s. Little snow remains for any h^ngth 
of time on the ground; the evaporation in summer is excessive on all 
moist gi-ound and water surface's: and vi't sagebrush flourishes, grow- 
ing to a heiglit of from 'A to Ti feet. It" \\«'d<Mlurt from the total y(*arly 
piHH'ipitation tlie pro])able amount of moisture evaporat(Ml, very litth' 
will remain for the use of tlx^ ]>Iants. It is possible that the total 
quantity of water absorlMMl by the roots of the plants that grow on 
uncultivate<l hinds and transpired by their foliage do<'s nr»t exceed 
one-tenth of the annual j)r<*cii»itation, wliieh in this State would be 
alK>ut Ij inches over the surface of unr(»claimed arable lands. On the 
pi'eceding estimates, bas«Ml on observed facts, we may therefore (mmi- 
chnle that in this State the amount of water evaporated from the foli- 
age of i>1ants ranges from a surface iUqith of I in<*h for butTalo grass 
and siigebrusli to a surfa<*e depth of 20 inches for well-irrigattnl alfalfa. 

C'AC'IIK VALLKV. 

This beautiful vallej* is nearly surrounded by mountains. A spur 
of the Wasatch Ilange forms the elevated divi<le between it and Reav 
Tj/ik(* Valley, in Rioh C'oiinty, t4> the eiiH\, i\wC\ av\o\\w\ ^\\vc vA ^\^ 
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to the percentage of moisture which each contains, viz, as dry soilts 
moist soils, and wet soils. It may also be said that in each of these 
classes the amount of water drawn up by the roots and transpired by 
the leaves differs. The magnitude of this transpiration of vapor 
through the foliage of plants has been investigated by Messrs. King, 
WoUny, Ilellriegel, and others, the results of whosehibors are briefly 
summarized in the following tables: 

Amount oficaier required for a pound of dry matter in Wiacorv^in.^ 



Crop. 



Barley 
Do 

Oats.. 
Do 

Corn . 
Do 

Clover 

Pease . 



Year. 
1891 


Water pep 

ponnd of 

dry matter. 


Yield per 

acre, 
pounds. 


402 


7,441 


1892 


375 


14,196 


1891 


501 


8,861 


1892 


525 


8,189 


1891 


301 


14), 845 


1892 


316 


19,184 


1892 


564 


12,486 


1892 


477 


8,017 



Water per 

acre, 

inchea. 



13 
23 
20 
19 
26 



25 



30 
17 



Ratio of water eiHijxnxited to w^eight of C7'op harvested, ajt shoitni by experin\enU 

of Hellriegel and WollnyJ^ 



Crop (Hellriefirel). 


Water 
evaporated. 


C^op (WoUny). 


Water 
evaporated. 


Horse beans 

Pease 


262 
292 
310 
330 
359 
371 


Maize 


233 
416 
447 
490 
646 
665 
774 
843 
912 


Millet 


Barley 

Clover 

Spring wheat 

Buckwheat 


Pease 


Sunflower 

Buckwheat 

Oats 


Lupine 373 

Spring rye 377 

Oats ' 402 


Barley 


Mustard 

Rape 









According to Ilellriegel, as shown by the above table, 330 tons of 
water would be absorbed by the roots of clover, drawn up through 
the stems, and evaporated from the breathing pores of the leaves, for 
each ton of clover harvested. If the yield l>e estimated at 3 tons per 
acre, the quantity' of water per acre is 9!)0 tons, or a volume sufficient 
to cover the surface to a depth of nearl}' 9 inches. So far as has l>eeii 
ascertained, no tests have been made in the Rocky Mountain region 

»P. H. King, Apricnltnral Experiment Station, University of Wisconsin, Ninth Annual Report, 
1898. p. 04. 
"Department nt A>rrinnlture, Experiment Station 1^«cotA, Vo\. 1V>\>- ^<^' 
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: the amount of water actually consumed by tlio various ap:ri(*ultural 
."Ops between tlie time of germination aiTd the liarvesi, but observc^l 
ids seem to indicate that this amount varies with the eonditions of 
3il nioistui'e. 

In sections of northern Utali, where water can not be readily or 
heaply conveyed to imgate tlu» hind, tlie iields an» usually sown in 
f'lieat and <*ultivate<l "dry,'' the annual yield l)eing From 12 to 25 
rtishels iM»r acre. During tin* p(M'iod of irrowth the rainfall is occa- 
ionally less than 1 inch, and the soil and subsoil appanMitly are very 
ir>\ If the <iuantity of water eonsumt^d by the wlu^at was even one- 
hir<l of tliat given by Prof. V. II. King fi)r barley and oats, which 
kveraged a depth of nearly lU inches (»v<m* the (Mil ire surface culti- 
vated, it is <lif!ii'ult t,o conjecture where tin* supply could come from. 

C)n irrigated lands the cas(» is (juite dilTerent. The j^roper amount 
d inoi.sture is maintained in tin* soil, the plant is k<'pt in a healthy, 
rigorous c<»ndition, and the normal amount, of water passes through 
ts tissues, l)earing the necessiiry mineral Uhh\ furnisluMl by the soil. 
[t is not unusual to irrigate alfalfa every other week, and to spread 
in amountof water over the surface during its ])eriodof growth suill- 
?ient t4» cover the gnumd to a dei^th of <> f(»ct. A part of the water 
lis(h1 in irrigating usually sinks into the su])soil and flows off as seep- 
ige water, a second i)art is evaporate<l, and the third part, possibly 
jne-thii'd of the whole supply, passes tlirough the tissues of the i)lant 
and is mostly transformed into vapor ni. the leaves. 

The sjigebrush and grass«*s indig<»nous to tlie uneultivated lands 
[>f the Rocky Mountain region lUMpiire but litth' moisture tr) maintain 
their slow growth. In the* vicinity of Corinne, l>oxelder County, 
Utah, the average annual rainfall for th(» past t went y-nv<» years has 
l)een h»ss than 12(1 l.T-'J) in<'hes. Little snow remains for any hMigth 
of time on the ground; the 4*vaporation in snmmei- is excessiv(» on all 
moi.st gnumd and wat<'r surfaees; and yet sagebrush flourishes, grow- 
ing to a height of from '.i to r» feet. If w(Mleduet from the total yearly 
preeipitation tli<* ])r<»])al)l<' amount of moisture evaporatiMl, wny little 
will remain for the use of th«» i)lants. It is possible that tin* total 
quantity of wat<*r abs<irlH»d by the roots of the jilants that grow on 
uneultivate<l lands and transpin^l by th<Mr foliage does not exeec^l 
one-tenth of the annual j>reeii»itati«m, wliieh in this State would l>e 
alxiut 1} inches ov<»r the surfa<*e of unreelainu^d arabh* lands. On th<» 
pi'ec<Kling estimat<*s, bas<Ml on observed facts, we may therefore <M)n- 
elude that in this Stat<» the amount of water evaporated from the foli- 
age of plant.s ranges from a surface <lepth of I ineh for buffalo grass 
and sagebrush to a surfa<M» depth of 20 inehes ft»r well-irrigated alfalfa. 

C'AC UK VAJ^LEV. 

This l>eantiful vallej' is nearly suiroundiMl by mountains. A spur 
of the Wasatch Range forms the elevated divkle \vAtwQ<5\v \V>tcv\<k>\^'».\ 
LaA-c Vnllf\\% in Rich County, t^i the eas\, awvV awcAXwv '«»\>axv vA >^v^ 
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same range forms the lower divide between it and Great Salt Lake 
and Malad River valleys t<rthe west. The average elevation of the 
cultivated portion of the valley is about 4,500 feet. Its length from 
north to south varies from 40 to 50 miles, and its width from east to 
west from 10 to 15 miles. 

The first white men who wintered in the valley were the Garr 
brothers. They were engaged by the authorities of the Mormon 
Church during the winter of 1855-5(5 to look after the range cattle owned 
by that church, and they built a rude log hut in the vicinity of what 
is now the church farm. In the summer of 1858 several families 
from Brigham reached the valley through Boxelder Canyon and 
made a permanent settlement in what is now Wellsville. 

According to the latest report- of the Utah statistician, the popula- 
tion of Cache County in March of 1895 was 18,280. The principal 
towns and cities in the order of population are: Hyde Park, 647 
inhabitants; Providence, 944; Lewiston, 9G9; Richmond, 1,295; 
Wellsville, 1,390; Smithfield, 1,448; Ix)gan, 5,756; total, 14,249. 

Cache County contains an area of 697,600 acres, of which 30,923^ 
acres were irrigated in 1889, and 38,430^ acres in 1894. From infor- 
mation collected during the past season, supplemented by the records 
obtained by C. D. W. Fullmer, county statistician, the following table 
has been prepared, giving the approximate number of acres irrigated 
for each kind of crop in 1896. 

Approximate area irrigated irt ISitG, 

Acres. 

Cereals 20,000 

Lucem, hay, etc. : 15,000 

Potatoes, beets, etc 1.500 

Fmit trees 1,200 

Small fmits 25 

Other products 900 

Total. - 38,635 

The water utilized in irrigating the southern end of the valley is 
diverted chiefly from New Canyon, Little Bear, and Blacksmith Fork 
streams. Ix)gan River, with Summit, High, and Clarkson creeks, fur- 
nish the supply for the middle portion. Cub and Weston creeks are 
the chief sources of supply for the northern i)ortion. Surveys for irri- 
gating canals have been made to divert water from Bear River, in 
Cache Valley, but owing to the lengths of the proposed canals and 
the cost of construction, none has yet been built. 

The soil in the cultivated portions of the southern end of the valley, 
and particularly in the vicinity of the towns of Paradise, H^Tum, and 
Millville, consists for the most part of a rich, black, clayey loam. In 
the western part clay, with occasional patches of alkali, predominates. 

» Eleventh CensiLs. AsrHcultare by Irrisration. F. H. Newell. 
'First Triennial Report of tbe Barean ot fttal\Btiv*a of Utah. 
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The soil in the northern and northwe8t«rn portion of the valley varies 
from coarm gravel to fine Hand and clay. On tlie wliolc, it may be 
designated as a soil well adapted fur Ihe prtxliiction of wheat. 



LOGAN RIVER. 



The greater part of thu drainage bntiiii iif Luj^aii Itivor lies id the 
mountain range east of Ciu-liu Valley. Tlie main rtuiin'e uf thv stream 
is quite small, and hewlH higli on the range alxxit 4i' iiiilen within tlie 
mountains; but an it flown down a steep ohanncl loward the west its 
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waters mingle with those from Temi>lo F()rk, Itoss Canyon Creek, 
Spring Creek, Kieks Spring, and Right Hand l-'ork Creek, which, 
when iinit«<l, form one of ihi? most imiwrtanl riveiu in the State. 
From its heatl water* to where it unite.* with JJear Iliver is some 50 
miles, onlj* 10 of which lie outsi<lo rugge«l canyons. 

About the Ist of June, IHfNi, a permanent gaging station was estab- 
lished on this river a short distance below the moutli of the canyon 
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and above all the canals save one, the Logan, Hyde Park and Smith- 
field. From daily river-height observations and several curi'ent meter 
measurement's the flow has been accurately determined throughout 
the season. '^I'he watere used for beneficial purposes have also lK»en 
determined by a series of measurements of each canal, and lM)th 
results are represented graphically in fif:^. 4. The aggregate voluiiio 
of all the canals is nearlj^ 200 second-feet; and as the discharge of the 
river at the mouth of Tx)gan Can^'on during a dry season may be 
less than that amount, the apparent large surplus of last summer, 
which averaged during the month of August, 1890, 222 second-feet, 
is not to be depended upon. 



Irrigcttiny canals diverting water front Logan River. 



Name of oaual or <Utch. 


1 


June. 




1 

I 

July. August. 


Sei>temher 

1 


1 

1 . Dis- 

i» charge in 
, ^ sec. ft. 


5 

21 
21 
21 

21 
21 
21 
21 


Dis- 
charge in 


i 

31 


Dis 

charge in 

sec. ft. 




Dis- 
charge Id 
sec. ft 


Logan, Hyde Park, and Smithfleld 
Canal 

Logan and Richmond Canal 

- Providence Canal 

Logan, Hydo Park, and Thatcher 
Canal 

Nursery Canal 


\ 12 

1 

12 
! 12 

12 


34.5 

.').4 

a4><.9 


47.5 


30.1 
50.1 




1 
1 


60.1 31 






8.2 
♦27.0 




1 


Ti.-J 


31 


27.5 


i 

1 1 


2.4 

23.9 
11.6 




1 


n : 1 


Logan and Benson Ward Canal 

West Field or Little Ditch 


12 


a25.0 




1 19. n 
1 . : .-. 


! 


1 
i 






"■"i 




1 




a 


Estimatec 


1. 













The Logan, Hyde Park, and Smithfleld Canal was completed in 
June, 1882. Its head gate is located about 1^ miles above the mouth 
of the canyon, and at an elevation of 326 feet above the business cen- 
ter of Logan City. In July, 1802, the writer, as the consulting eii^- 
neer of the city corporation, advised the abandonment of the old 
source of sujiply, and recommended that the future source l>e the 
Logan, IIy<le Park, and Smithfleld Canal, until funds were available 
to extend the conduit to the river. Logan City now gets it« domestic 
water supi)ly from that canal, and owns 26f per cent of its paid-up 
capital stock. The canyon porticm of the canal was never proi>erly 
constructed, and the loss through leakage is very great. On August 
31, 1803, the discharge at the head gates, as me^isured by the writer, 
was 48 second-feet. At a point 7,000 feet lower down the volume had 
been decreased, on account of waste, to 2G.7 second-feet, a loss of 21.3 
second-feet, or 44 i)er cent of the volume diverted. The ai-ea irri- 
gated since 1802 has not varied to any appreciable extent, and the 
following table gives the figures for the three preceding years: 
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Area irrigated by JjfttjatK Hyde Bark, ami Smith field Canal. 



Y«»ar. Fami lands.! Cityl<»ts T-ital. 



i 18»). ... .?.1S4 * ait\ i,3lM 

: l«ll .>.409 VXi '2,::i^ 

1892. 2. TSC) ir>9 :i. len 



.I^-r»-«. 


.Vi(»/< 


l^wV. 1 


.l'T«^. 


si»T 




214 


1 . ;^>^» 


lilO 




:»o 


:ii 


I.-JIO 







1 . 2:il» 


•J. 747 




2t)4 


:j.27r» 



•I A fity lot is o<|iiivttlont t«» 2 acre-* »»f farm laml. 

Till* Logan and Richmond Irrigating C'oini»an\ was organized in 
November, 1804, and the eanal was built in lSi;o-lsi;7. Tho reeonls 
of the company nhow that the land irrigated by this eanal in 1S7S was 
1,400 acres of farm lands and W^o city lots, but the capacity of the 
canal was considerably increased in l^^Sl, antl nioro land was reclaiimnl 
at its lower terminus in the vicinity of the town of Smithtield. The 
areas irrigated by this canal in isii5 are as given l»elow: 

.ln*a irrigattti htf fjM^m nud Hivhinum/ < 'iinnl. 

Pr«>«'in«-t. Farmland-*. City li»t>*. Total. 



Lfigati 

Hyde Park 
Siuithfield . . . 

Total . 



Providence Canal is the only irrigating system of any r«)nsid<M*able 
size which <liverts wat«*r from the south or left bank of Logan Uiver. 
It was begun in ls»JO, but owing to the fact that the locating engineer 
set pegs on an as<»ending grade from the proj)osed i)la<M» of diversion, 
and the water would not flow uijhill, the enterprise was abandoned 
until ISJS'), when the necessjiry <'hanges in th(» elevations wen* made 
and the canal i'<miplet<»d. Th(» cost of maintenance has always l>een 
high, owing to faulty IcN'ation and steep hillsides, averaging alx)ut 
♦250 i>er annum, and the area irrigated since 18s:j has not varied far 
from 3rH;> acres. 

Logan, Hyde Park, and Thatcher Canal was iH'giiii in the sjiring of 
1800. It is the oldest in Cache Valley, and was the tii*st to divert 
water from J)car J^iver or its tributaries. The primary object hehl in 
view by the original pngectors was to irrigate wheat lands, but several 
mill ownei-s obtain<»d [>ennission to widen the canal sufRcieutly to 
furnfsh them with a supply for jiower purposes. A |>ortioii of the 
flow has been so employed ever since, but the tail water from the mills 
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is nearly all subsequeotly iiseil iu irrigation. The canal branches at 
Sixth street, the upper branch extending to Hyde Park, the lower to 
a portion of Logan C'ity. .The acreage irrigated in 1860 was about 700 
acres, and there has been a nearly uniform increase from that time to 
the present. Of late years the total number of acres irrigated by both 
branches of the canal has averaged about 2,115, of which 1,215 acres 
are located in Hyde Park and the remainder in Logan. 

Logan and Benson Ward Canal has its he^idgates near the business 
center of Logan. The date of its water appropriation extends back 
to 1861. The extent of land at present irrigated by this canal includes 
856 acres in Benson Ward and 2,150 acres in Logan precinct. 

West Field, or Little Ditch, takes its supply from the tailraees of 
the mills and from Logan River at the city park. The first branch 
was made in the spring of 1860. The ditch flows into Spring Creek 
pond and receives a portion of its supply from this last source. The 
area irrigated in late years is 1,100 acres. 

The average combined capacity of the 6 canals enumerated above 
was, for June, 1896, 188.8 second-feet; for July, 183.3 second-feet; for 
August, 157.6 second-feet; and for September, 131.5 second-feet 
Comparing this with the aggregate area irrigated — 12,920 acres— it 
apx)eais that the duty of water per second-foot in June was 68.4 acres; 
in July, 70.4 acres; iu August, 81.9 acres; and in September, 98.3 
acres. 

BLACKSMITH FORK RIVER. 

This stream rises iu a range of the Wasatch Mountains which sepa- 
rates Cache Valley from Rich County, flows in a northwesterly direc- 
tion, and empties into Logan River. Its total length is about 35 
miles. The average depth of compacted snow near the sources of this 
stream in February and March is about 4^ feet, and as the greater 
part of this snow melts during the month of May and the early part 
of June, the spring floods are excessive in proportion to the compara- 
tively small area drained. 

The discharge of this stream at a point a short distance below the 
mouth of Blacksmith Fork Canyon from June 15 to September 15, 
1896, and the combined flow of all the irrigating canals diverting 
water therefrom are represented graphically in fig 5. The maximuni 
volume of water appropriated and utilized is therein shown to Ik? l^ 
second-feet, while the discharge of the stream may be said, if ve 
except a few days in September, not to fall below that amount during 
the irrigating i)enod. 

As shown by the following table, six canals divert water from this 

source and vary in carrying capacity from 4 to 70 second-feet. The 

Hyrum Canal is the largest and is divided near its head gates, the 

upper branch supplying water to a ijortion of Hyrum City, and the 

Joiver being used on the fields adjacent to Millville. Solvesou & Co.'8 
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itch is one of smnll oapaeitj', and waters the lauds on tlie river l>ot- 
imti. The reinaininjr funi'<-annU extend to the town of Millville and 
s vieinity, Iwo beiu;; taken out on the eaft snlfuf the river and two 
1 the west. 
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Irrigotiuy .......ih il!r>rti«u imlrr fr-,„ liUirks,,,!!!, F-H.- Kinr. 

■ K™. .,(«■■.]. -r.lit.-h. o^.. ,„. ,„,. j,,^ 

I i. .■Liiru.-Hi z iliuri;.-iii i rhar«,.iii J .■hunivin 

I HnlriTN.DA-C-.'Hc1itch .. l" :i.:' " •• " :• 2.\1 l.'i I>ry. 

Xo.lr»iu.l li", %Z \'" I"' ' -■" •■"' '■■' 

I Hj-ruro r«Iiml 1" KT in 'il.H 4 'iVll 1-i 2!.B I 

>:<..»'-anal - I" Tll.H I" "•■.1.7 4 ^1.1 l.'i 11 S 

. S...;™il»l '■ Kt 4 6.71.-. 3.4 

I So.*.-.i>.l ■• l:l-. 4 1.1 IS Ury. 

■ LITTLE BEAR RIVER. 
Little Bear River, Little JItidd.vUiver. or lhi\.-lder <_i-eek, at) it is 
arioaslytermed. Ism tributary of l.,ofran Kiver. ll is formed by two 
lain Btroams which unite near tlie town of I'aradiHe, in the southern 
IKK 7 3 
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part of the valley. One of these tributaries is called the East Fork 
of Little Bear River, and has a total length from its head waters to its 
month in Logan River of 33 miles. The general trend of ite coniw 
within the mountains is easterly, but after joining the South Fork the 
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combined waters flow in a northerly direction to Logan River. The 
South Fork is fed by numerous springs and rivulets which flow from 
the south side of the divide lying between Cache Valley and Ogden 
Valley, and its greatest length from its source to its confluence with 
the East Fork is 10 miles. The following table gives the names and 
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the capacities at stated periods of each ditch or canal diverting water 
from Little Bear River and its tributaries. A glance at figs, ti and 7 
shows that the wat«rs of both forks were nearly all utilized daring 
the past season. 
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In this portion of the valley the gain dne to seepage waters from 
ligaled areas and from the adjacent bench lands is of considerable 
sJLue to the inhabitants of Wellsville. On July 15, ISOti, the flow in 
le South Fork was 61 second-feet. On the same date Ilyrum 
anal was diverting 55 sec<md-feet, and a surplus of 24 second-feet 
»mained in the river. These figures show a gain from seepage and 
sep-seated springs of 43 second-feet. Subsequently the springs 
ere measured and aggregated nearly 20 second-feet, thus leaving a 
gilance of 23 second-feet of seepage waters. 

Irrigating canals dii-vrting waterfront Little Bear River, 



"Stone ot canal or ditch. 



June. 



Di«- 
ii charge in 
^ aeo. ft. 



11) 
10 



From East Fork. 

Jadkaon SarpluB Ditch 

Fnuik Law Ditch 

FtMser Ditch \ 19 

ParadJae Irrigation and ReBcrvoir 
Company's Canal i lU 

From South Fork. 

Kiidiols Ditch 

DarisACo/sDitch 

Hjrum Canal 

From main stream. 



3 
1.6 

6.8 

no. 2 



July, 



South Field Ditch 

Faradiae Hollow Ditch 

seller Ditch 

WeUsvllle Eaat Field Ditch. 



U) 
10 
10 

10 



11 
u 
u 
u 



. I Dis- ' 
S charge i 
i , »ec. ft. 



2.U 

Dry. 

1.1 

47.2 



11 


Dry. 


11 


Dry. 


11 


57.4 



2.7 

M. if 

2.H 
26.1 



August. 


Sei 

• 

9 

& 


)teml)er. 


1 


Dis- 
charge in 
sec. ft. 


Dis- 
charge in 
sec. ft. 


n 


Dry. 












6 




Dry. 







6 


35.1 


15 


23.5 


i"7 


40.1 


15 


12.8 


6 


Dry. 






^ 
i 


m0 


15 


Dry. 


« 


1.4 


15 


Dry. 


4 


4.9 


12 


2.6 



CUB RIVER. 



Cab River, the main source of supply for the northern i)ortion of 
^he Valley, rises in Idaho, flows in a southwesterly direction for a 
lifitance of 28 miles, and empties into Bear River. The six ditches 
vhich head on this stream were each measured three times last sum- 
Her, with results as stated in the following table. The highest is the 
3ub River and Worm Creek Irrigation Company's eaiial, which sup- 
dies with water the town of Preston, Idaho. It is taken out on the 
lorth side of the river, and t^onveyed through a pass in the ridge 
nto Worm Creek channel, which is used to convey the canal water 
o a lower elevation, where it is again diverted into several ditches 
hst distribute irrigating water to the various precincts of Preston, 
rhe next canal of any considerable importance is that of the Cub 
Etiver and Middle Ditch Irrigation Company^ vfhieh. otl S>\\\.^ "^T^ 
sarried 50. 7 aecond-feet. By far the largest canal on \SqS& «Xjc««a^ 
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was begun in 18tHi, for t\\c ])nrix>se of watering bench lan<ls looaled 
nortit of Fmnklin, on the right hank iif Cnb River. Owing, however, 
to n grave error in the grade, llie iniyeet was temporarily nbandoneil, 
and it was not until after the fieltleinent of Lewiaton that a resuriey 
was niaile ami the ranal eonipleted. It is now knuwn as the Lewistoo 
Diteh, or eanal. The h)west eaiml, but the first to divert water fnini 
Cub Kivei", if one exeepts the Perkins Ditch, which is now praeticjilly 
abandoned, is tlie Franklin City Dileli, whieli was built in l^Oi by 
Messrs. Parkinson, Smart, "WofMlwanl. and others. 

llie aeeontpanying diagram (fig. K) showing the appropriated and 
unappropriated waters of Cnb River, indicates a large surplus during 
the months of June, but after July 10 the flow is nearly all ntilizeil by 
the various canals. 
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Flo. S.—Oiagnm showing appropriated and imappn)i>Tl&ted wnters of Cob Bivvr 
Irrigtiting eaniiU dhfrUng irati'f from Cub Kinr in Oneida Cuiiiit!/. hiahi. 



Xune of ivnal or cKIth. 

_^_^ ,5, 

Cab Hiver and Worm Cn-ek Irri- i 
BStfoD CuDi pane's canal Si 

Mnreheaii. Taylor, and Kent Ditch . I 2S 

Cnb Blver nnil UiddlH Ditch Irri- 
gation Com]>aiiy'* canal !& : 

Taylor ditch | 28 ' 

Franklin City ditch | 20 



1 -£ charKjiu £ ( 



I>r>'.[K| 

Iffi, 1 I 2T 



1..-. .- 

1 1 


... T Drj 


^■M--i 


.... T| Dr, 
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HIGH CREEK. 

High Creek is a tributary of Cub River. It rises near tlie Vxmnd- 
ary line between Utah aud Idaho and flows in a southwest eourso 
for a distance of about !) miles. Numerous ditches, as may be seen 
bj' the following table, take water from this comparatively small 
stream, but, with the exception of the two Kichmond canals, their 
discharges during July and August are snuill. The Richmond Irri- 
gation Canal, increased l)y a portion of the flow from Cherry Creek, 
waters the sloping bench lands lying lK»tw(»cn High Creek and Rich- 
mond. This canal, when augmented by the flow fiom City Creek, 
also furnishes water for the upix»r iK)rtion of the town of Richmond. 
The lower jxirtion of this town an<l the farm lands adjacent thereto 
are watereii bv the Richmond Citv Canal. 

Irrigating cauaU fiii'vrtimj water from Hi(jh Cnu'k\ in Cache Count, ^, Utah, 



"S&xne of cHiiul or ditch. 



.In no. 



Dia- 
z oluirK«'in 

X ».«•. ft. 



Williams aud Dern«.»y Ditch 2>* 

Upper High Bair Ditch •> 

Upper Cv ivcvillc Ditch •> 

Richmiiud Irrigatiuii Compnny's 

Canal :> 

WilliaiiLS BroH., Eckelwin and Day > 

Ditch :> 

Xoruian Day Ditch '>• 

Richmond City ur Irrif^ation ( 'anal '^ 

Twi . F:1o vonth Dit*'li '^ 

L«>wer Covovillo Dit<*h *-*>* 

J. BriKht Ditch -*>< 



July 



1.;^ 


2i» 


•2.9 


20 


7.M 


'J^t 


4; I. J 


x*?» 


:{. ti 


'JM 


•». 7 


Lli 


ij.:. 


L".* 


s 7 


:.»•.• 


«i. .s 


•J!* 


s.'.> 


•J«.t 



Dis- 
i; charprein 

M . sec. ft. 



Dry. 
Dry. 
Dry 






Dry 
Dry. 
lii. ( 
CI •» 

1 '2 

:». s 



Atiifiist. Scptomlier. 



■ 


Dirt 




z> 'charjrein Si 


X JHV. ft. 5 


^" 




*^ 



I 



Di.s. 
charge in 

HCC. ft. 



l» 



1.0 



' 

1 


s.s 


1 ■• 


1 


•» 


:.M 


1» 


i).(l 
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SUMMIT CREEK. 
« 

Summit Creek has its source near the head waters of Logan River, 
and after flowing in a southwesterly couree for a distance of 13 miles 
empties into Bear River. The summer flow of this creek is diverted 
through various canals, a list of which is given in the order of eleva- 
tion in the following table, and is used to irrigate the to^Ti lots of 
Smithfield and the farm lands adjacent thereto. A portion of the 
flow is first used for mechanical purposes, but is subsequently diverts 
for irrigation purposes. 

Irrigating canals diverting traterfrom Summit and Bircli creeks in Cache County, 

Utah. 



.lane. 



Name of canal or ditch. 



& 



Roskelly Ditch. 
Peterson Ditch, 



Dis- 
charge in^ 
sec. ft. ^ 



Surplus Ditch. ..1 

Union Milling Company's Ditch. 

Mack's Old Mill Race Ditch 

City Ditch 

Morehead Ditch 

Xjevy Ditch 

Big Ditch 



11 



3 

3 
3 

31 

3 
31 

3 
31 

3 
31 

3 
31 

3 



{» 



3 
31 



July. 



. I Dis- 
^ charge in 



August. 






Dry. 

Dry. 
13.01 

3.9J 

3.6) 

l.l( 

14.11 

6.01 

i.oi 

0.3j 

0.7V, 

0.2J 

11. 9i 
3.6J 

21.81 
6.7j 



Dis- 
charge in 
sec. ft. 



September. 



e8 



Dis- ' 
charge in 
sec. ft 



10 
10 
10 
10 
10 
10 
10 



2.8 
0.8 

ai 

0.2 
0.1 
1.6 

4.8 
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MISCELLANEOUS MEASUREMENTS. 



wing table gives the results of measiirements made of the 
als and ditehes from other streams within Cache Valley 
those before described : 

Results of measuretnentH of irrigation eanalM amt (fitches. 







• 

i 


June. 


• 


Julv. 1 

* 1 

Dls- 
«*)iargc in 
1 sei'. ft. 

1 . . 1 

1 


AufniHt. 


Sei)tenilK»r. 




DiH 

cliariPf* in 

8CO. ft. 


^. ' Dis- 
z cliarpre in 

5 HIM', ft. 

l:; 3. « 
V2 1 9 


Q 

3 
3 

: 

• 

4 


Dis- 
charge in 

f«OC. ft. j 


Clarkaton f*rtek. 

k ditch --- 


1 


3.0 


iditch 












1.4 


1 ditch 














2.0 


•• Creeks Oneida Com 
Idaho. 

teler ditch 


ity. 




1 
1 






0. '* 
0.9 
0.9 






Dry. 

0.4 

Dry. 


Perkins ditch 






1 






seler ditch 








.... ••••••.•■• 



trrif Creek, in Cach*' 
ountif^ Utah. 

rry ditch 

ek Water Section canal . 

Creek and tributaries, 
reek and I)eep Canyftn. 
County. Idahn. 

myon Creek ditch 

on and J. Lowe ditch . . j 

ch 

it ditch 

«k or Franklin City 



1 Woodward ditch 

ditch 

1 Flmck ditch 






10.7 



I..I 



no 

30 



iJ.2 
11.9 ' 
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Smaller creeks mid springs of Cache Valley from tchich xcater is diverted for 

irrigating purposes. 



Jane. 



July. 



August. , September. October. ! 



Name. 



Dis 



Dw- 



Z chargein ;s ichargcin 



1^ 



sec. ft. I 4 



City Creek (Richmond) ! 1 

City Creek (Clarkston ► ' 17 

Deep Canyon Creek i I 

(Mendon) ''....' I 16 

Dry Canyon Creek ' 

(Avon) 

Dry Creek (Weston) 

Flat Canyon Oeek 27 




BCC* I V* 



2.« 
0.9 

1.4 



Dis- ; . : Dis- . | Dis- ' 
;s charge in .2 charge in z chargein 



ce 



18 I 0.5 

28 ' Dry. 
31 ' Dry. 



1 
12 

12 

4 

i' 5 

I 



OvV* I w» 



tl 



Dry. 



I 



sec. f t. ; ^ I sec. ft 



0.8 ; 3 1 

I 

I 
1.5 , 11 I 

0.8 15 
15 



I 6 

3.9 I 4 
0.3 i 12 
4.5 ! 8 
0.6 j 30 
Dry. 

6 



0.4 
4.3 
0.4 
4.9 
Dry. 




1.3 29 



0.3 



16 ; 1.1 

1.7 I 28 : Dry. 



12 
13 



1.5 



0.1 
1.6 



1.8 I 8 
5. i 8 



1.9 
4.3 



16 



0.4 , 13 I 
3.6 5 
0. 6 13 



t I 



0.5 
3.2 
0.5 

10.2 



15 i Dry. 
14 4.5 



3 

12 



9 
11 
11 



4 
12 



12 



12 
14 
11 



0.4 
4.5 



! I 



Dry. 
Dry. 

1.2 



0.6 
1.6 



3.5 



0.4 
3.1 
0.4 



0. 



07 



1.5 



I 



I 



I 



0.2 



I 



15 



4.0 ' 8 

7.0 , 8 

I 

4.0 8 

1.1 , 12 



4.3 



r 



Michelsou Spring I. I 3 

Merrill et al. springs | 

New Dam Spring 15 

North Field Dam Spring 

No.l 

North Field Dam Spring 

N0.2 ' 15 

Pond Spring ( Mendon ^ 16 ! 

Pond Spring (Logan) j 

Rocky Pohit Spring l« 

Wellsvillo CMty Spring 15 

Wm. Cunningham's 

Spring 

Wm. Hugh's Spring.... 

Newton Reservoir 

Hopkins's Slough 



0.3 



<M 



1.6 12 
3.0 .... 



3.6 ....' 
0.9 •■ 11 

11 i 

0.5 I 11 , 



1.1 
4.0 

0.3 



I 



26 



0.17 



17 



8. 6 12 



12 

4.9 2 I 



0. 15 
1.9 



23 



Green Canyon Creek .... 
Hyrum Dry Canyon 

Creek 

MiUviUe Creek 

Myler Creek 

New Canyon Creek. 

NeboOeek 

Ox Killer Creek 

Pole Cl^yon Creek 

Spring Oeek (Rich j 

mond) j 30 

Three Mile Creek ' ... 

Twin Oeek 

Worm Oeek | 24 

Cobum Spring , 

Clayton Spring ' 15 1 

Done et al. springs | 

Gardner Spring 15 ' 

Gibson et al. springs. 

Gitten Spring 

Garr Spring j 9 

Graveyard Spring | 16 

Hyrum Field Seepage 

springs 

Halvcrson Spring \ 30 

J. Stone and T. Lowe 

Spring 

Millvillo Creamery 

Spring '.... ! I 7 3.6 , 

Marks et al. springs i • 22 3.3 



22 , 10.3 



23 1 6.5 



5.» 



6.5 
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VM f^ tratfr fppllf in Caehf Vallfg H"t vncl in irri^tion in Caehf Cnuiitji. 



< 1 mer.tt 1 tt-:U. 



rlagCnek <lIendoDi. . 
dnsCmkiMiUTme' 
rins Crc«k i Franklin ■ 



RESULTS OP STREAM MEASUREMENTS. 



AngnM.liW- S<-|>t.. I^M 



U a> S SO S 10 



a> 6 10 



f% 



aSiitU 



Fio. v.— DtaKTom of water supply of Cscho Valley, eicliulro o( Bear RiTer. 

'or puriwses of tiniii)«ri.««iii some nf llii' resiiiis »( tin- .■itivam and 
111 nieHsiireiiieiits nunlo iii C'lU-lic ViilU'vdiiriiijr iln' siimiiior of isiir, 
suminnrizvd in the diii^n^m.s of lip*. '■> and H'. V\g. !' shows tlio 
ow, oatflow, and irri}r»tiii^ watei-s u{ liu- valley exclusive of Itoar 
er, while fig. 10 incliicIi-8 iMiththo inflow and outflow of BearHiver. 
has been stated, no water is divertc<l from tliis river in Ciu'ho 
Hey, all the water now utilized being oHftraeiV ^T«\ft \N\ft xwvwsa 



BEBPAOE WATER OF NORTHERN UTAH. 



tributario.s. Tlie aggregate disoliai-ge of all these tribntarles, inelnd^ 
ing wellftaixl spriiig.s, is shown by the ciir\'ed line termed "iQSOTjd^l 
fig. n. This (liagraiii aluu shuns the total amount of the inflow wq^H 
wa^sllse(l for irrigation piirposfs and the mirplus which was disnbuKi^l 
into Jtear Kiver. fl 
It will bo seen thai the volume used fur irrigation on any onedijl 
dofft not ri'prfseiit the dilTerenee between the inflow and the tratflw 
on the same day. On every day from June 15 to September 15, 1896, 
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Flo. IP.— Diagrm 



T Btipiily ot Caclie Valley, Incltulve of Besr BlTer. 



excepting a few days in Atignst, there was a gain due to seepage 
waters. This gain during the latter half of June averaged a contin- 
uous flow of 5itO seeond-feet. or 18 per eent of the inflow, but it 
deei-easeil rapidly until'tlic 2l>Th of August, when it began to increase 
gradually to Septeml»cr l.i. In the following table are given, incabie 
feetjiersecoMd, the volume flowing intothe valley, Bear River excepted, 
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volume diverted for irrigation, and the outflow, besides the average 
Qthly gain, resulting from seepage waters. 

Water supply of Cache Valley, ejrdtutive of Bear /Jiivr, in seco fid-feet. 




1W8. 

Jane 15 

Jane 9) 

Jane Si 

Janeao 

Jttly5 

JalylO 

July 15 

Jalyan 

JalySS 

Jalyao 

Angnmtrt 

AafcafltlO 

Aacfast 15 

AafiraMtSD 

AagastSS 

AnfTOstdO 

Septembers 

September 10.... 
September 15 



Inflow. ; Irriifation 



a. 275.8 

3.(m 

2.537 5 

2.Hr7 

l.Hifi.9 

1.5>1.4 

1.5W.5 

i,:mi.3 

1,244 2 

1.224 4 

1.118.2 

1.036.9 

nUH.A 

«I7 7 

93H.4 

fNJ5 2 

813.2 

938.9 

8114.6 



1.103.1 

1.1(&*.9 

1.150 1 

1.131) 

1.081.9 

I. (til) 2 

ft!5 5 

860 

7.V» fl 

731 9 

(A* 2 

573.4 

547 5 

.'>12.3 

470.5 

442.8 

:»4.7 
a-»2.7 
:su.7 



Outflow 



2.650 

2.029 

1.884 

1,739 

1.149 

849 

684 

674 

554 

5'>4 

Kit 

562 

462 

417 

4:18 

553 

r]08 
ri08 
am 



Average 

monthly 

(Cainfrom 

seepai^e. 



iiOO.4 



181 6 



34 



61. 5 



!Tie rainfall from June 15 to Septoiiil)er 15 on the 450 square miles 
ng within the area bounded b}' the locations of the sti*eam moas- 
^ments in Cache Valley was 3.58 inches, or an equivalent of 85,1)20 
«-feet of water. Assuming, for the present, that the amount of 
ter evaporated fn)m the surface of the irrigated area, together 
,h that trans])ired b}' the leaves of cultivated plants, would aggre- 
/e a depth of 12 inches during the three months from June 15 to 
)tember 15, the loss due to evaix)ration over an irrigated area of 
625 acres would e<iual 38,625 acre-feet. Again, if we assume that 
) water evaporated from the surface of the uncultivated x)ortions 
the valley was 4 inches during the same time, this loss over an 
'A of 450 square miles, less 38,025 acres, or 240,375 acres, would 
jal 83,125 acre-feet. Comi)aring the losses due to evai)oration with 
» gain from rainfall, the former is the greater by 35,830 acre-feet, 
ich would maintain a stream of 200 second-feet for nearly three 
nths. 

f we assume that the rainfall just balances the evaporation, then 
i gain due to seepage wouhl l>eso given in the above table. In this 
le the amount evaiK)rate<l from the surface of the uncultivated por- 
D of the valley in thrive months would be less than 2i inches, an 
ount apparently too small. 



BEEPARE WATER OF NOBTHERS CTAB. 
Irrigaliva rfti/j/ of jniter in Cache Viittey in ISSe. 



KMth. 


DutTor 


I8M. 

Jnno 

Jnly 


53 
«7 
118 
IW 




Average - - 


90.5 



The figures given alMve include all tbo waste arising from absorb 
tion, seepage, and pvaiwration in the ponvpyanee of the water »a H 
as all waste caused by iinperfeet melhtKls of irrigating. 




SEEPAGE WATERS IN OGDBN VAI.LEY. 

This valley comiirisos (he highest irrigiited hiiui in Weber County. 
It is st'paralL'd from tJrpjit Sait Lake Valley Ijy h narrow spur of the 
WasaU'h Jlonntiiiiis and is waterwl by the Sonth, Middle, and North 
fiirksof Ogdon River and Kevera! small creeks. The three main trib- 
utaries meet near the lower (lart of U\e vaWi-y auA torm Qgden River, 
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■h 1 ntverst'S tli<j niounlain ranKO tlirniijih a wiiiyrm ovor 5 miles 
, Iiavinpr nn avennire fiill in (lint ilistaiiii- iif mi jVct lo ilic mile, 
torrciiiiiil cliJiriu-liT of tho river in ilii.s ])iiHiiJii is illiiMratcil in 
[H. Ail of the wjitoi- (lowing Inxii l]n- iiiipci- viillpy iim.-it i«iss 
tijjTi this iiitiT<»wgi»r<fe. 

le irrigatois of Ogden Valley snpiily jiiiniinlly i>.iii<i> Jici-os wiili 
■r divt'i-tetl fi-oiii Ogdon Hivei- ami iis liiliinaiii-s, jissIi.ihh l.y Hi.. 
,1 map, I'l. 111. Tliii* iliviT-sioii is. liuwever, illetral ihiriii^' limes 




■cnrcity, since aU lIwRiimmor Hnw behuitis lo ]irior npimipiiatoi-s 
i<MM canals are sitiiatcti in tjie lower iMirlion.-j of Hie conrily. llio 
stivo loeation being nliown on the left half of PI. 111. Many <lis' 
tea havB arisen Ix-twi-en the irrigators of Hie Iwo seetions, itml lo 
svent cosily litigalion, the writer son;rht to ileterniini-. if possible, 
letber water colli rl l>e ilivertcil ami applieil to Hie laial in Hie upjicr 
Iley without Icsseuiug malerially the supply tw the legal owners 
low. 
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The resulta of meosuremeDts mode in IS94 are griven in the foUgi 
iog table : 

Ogden Vallea infioir and oatflmo in JS9i, 
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74.0 
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Sept. .■> 


191.8 73.0 1 
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Fic. 13.— Diagram UliutnitliiK iDflow and outflow at Ofcden Vklley. 

A more detailed deaci-iption of tho measurcmentB is to Ik- fount 
R preliniiiiarj" report on seepage water and the underflow of rive 
publiHhcd in 1895. The general faots are iUustrate<l by the aewiu 
living diagram, fig. 13, illustrating the inflow and outflow of 0%- 

}. as, br bsmuel Portlcr, hydnmlic 
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By, and by the dotted line the amount used in irrigation. If no 
r returned by seepage or was added by percolation from the adja- 
mountain lands, the outflow would be represented by the vertical 
knee between the dotted line representing the amount used in irri- 
m and the light line representing the inflow; but, as shown by the 
7 line, the actual outflow is far greater than this, being larger at 
s than the inflow upon the corresponding dates. * 

be more certain that the ratio existing between the inflow and 
ow of this valley was correctly determined in 1894, the writer 
Messrs. Rhead and Humphreys with a different current meter to 
9 a similar test during 1896. The results obtained by them, 
I below, corroborate the records of 1894: 

BesulU of measurements in Ogden Valley in 1896, 



Date— 18B6. 


Inflow in 

seoond- 

feet. 


Volnme 
used in ir- 
rigation. 


Ontflow in 
second- 
feet. 


Seepage 

wateraahd 

private 

springs. 


Aug. 20 


91.6 
86.0 


KJ6.5 
99.2 


101.1 
99.5 
97.4 
95.0 
93.0 


116.0 
112.7 
108.1 
104.2 
100.4 
95.4 

90.7 

1 


25 


30 


78. 7 89. 4 
70.0 : 79.2 

62. 8 TO. 2 


Sept. 5 ... 

10 


15 


• 

55.3 


1 
60. 7 90. 


20 


50.4 


51.6 

i 


, 89.1 



me of the Ogden Valley canals, such as the Eden Canal, obtain a 
Ion of their discharge from seepage waters, and this accounts for 
fact that the aggregate volume used in irrigation exceeds the 
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LETTER OF TRANSMITTAL. 



Department op the Interior, 
United States Geological. Survey, 

Division of Hydrography, 

Washington^ April IS, 1897, 
Sir: I have the honor to transmit herewith a manuscript entitled 
Windmills for Irrigation, by E. C. Murphy, professor of civil engi- 
neering in the University of Kansas, at Lawrence. This gives the 
results of experimental tests carried on during the summer of 189G 
upon windmills located for the greater part in the vicinity of Garden, 
Kansas. These results are presented in condensed form for early 
publication in order that they may be available for use and discus- 
sion by x>ei'Sons interested in the matter. They should be considered 
as preliminary to a more popular presentation, which, however, can 
be given only when a considerable number of experimental measure- 
ments of various kinds have been completed and a careful study yield- 
ing general conclusions has been made. 

In detailed work of this character it is impossible to avoid technical 
discussions and mathematical formulas, but as far as possible the 
results of the tests have been expressed in graphic diagrams. A care- 
ful study and comparison of these and of the accompanying descrip- 
tions shows the difference of behavior of the mills examined under 
the conditions in which they were found. It is, of course, impossible 
to draw conclusions applicable to all mills from the examination of a 
few, but the facts here shown are significant and worthy of careful 
consideration. 

Very resjiectfully, F. H. Newell, 

H7jdrog raphe r in Charge. 
Hon. Charles D. Walcott, 

Director United States Geological Survey. 
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WINDMILLS FOE IRRIGATION. 



By E. C. Murphy. 



INTRODUCTION. 

The windmill has long been employed to perform mechanical work. 
Tust when and wliere the first windmill was used is not definitely 
mown, but we know that a considerable number were utilized in 
S*rance in the twelfth century. 'I'hey were employed in Holland in 
he fifteenth centuiy in pumping surface water over the dikes into 
he sea. It is not the puri)ose of this paper, however, to trace the 
listory* or development of windmills, but to present the results of 
ome recent measurements on the useful work windmills are doing, 
ispecially when employed to pump water. It is surprising to not^ 
low little definite information there is in regard to the efficiency of 
rindmills, especially of the steel back-gear(Kl mills of the present day. 
[*housands, ixjrhaps hundreds of thousands, are in use doing work of 
"arious kinds, and yet very few careful measurements have been 
Hade to determine their horsei)ower or the number of foot-pounds of 
rork they are accomplishing under different velocities. It was to 
•upply in a measure this lack that in 1805 the writer undertook to 
Dea8ure, with in.struments then at his disimsal, the i>umi>ing power 
if windmills. In 189C, with much ])etter facilities, he continued this 
vork, extending it to include power as well as pumping mills. The 
ittempt was not made to measure the jwwer of every make of mill; 
ihat was impossible. It was thought best to confine the work to 
lifferent sizes of the standard mills, thos(» that are used to a large 
extent and are giving satisfaction. In some cases two or three tests 
>f the same size and make of mill were made for the purpose of show- 
ng the influence of the pump or well on the useful work done. 

Perhaps nowhere in the United States is irrigation from wells by 
:he use of windmills so extensively practiced as in the vicinity of 
orarden. Here are found hundreds of windmill pumping plants, irri- 
;ating from 1 to 15 acres, the pumps lifting from 3 to 14^ quarts j)QT 
stroke t^) a height of from 10 to 45 feet. Uere are found the large steel 
nills, with the latest improvements, running day and night whenever 

> The Windmill m a Prime Motor, by Alfred B. Wolff, ISQQi dhapter 8, oontaina an aooonnt of 
3m early history of wJndmilla 
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WINDMILLS FOR IRRIGATION. 



[wOlI 




the wind velocity is sufficiently great. These reasons induced the 
writer to select this locality as the field of his investigations. 

WELLS NEAR GARDEN, KANSAS. 

A brief description of the water supply and the wells of this locality 
may assist in conveying an understanding of what follows. The water 

is found in sand and gravel at distances below 
the surface varying from 8 to 40 feet. Thia 
material is in layers of variable thickness and 
different degrees of coarseness, ranging from 
fine sand to large gravel. It is overlain by « 
layer of sandy clay, which in some places wil 
stand vertical for years without any sappoet 
In other places there is very little clay in lli 
layer. The wells are usually 3 to 4 feet aqi 
and cased with wood through the tc^ 
clay to the water-bearing sand; thea ft'l 
or galvanized-iron casing from IS imdwil' 
feet in diameter extends down from 8 to 90 fee 
into the sand to a layer of gravel. Where tU 
latter casing is large, three or more gidVUM 
iron pipes 6 to 12 inches in diameter aKe|ii 
down in the bottom of it, and these^flonattiil 
have wire gauze over their tops to iM^ 0091 
the sand. These galvanized-iron pij^ kft'r 
perforations about one-fourth inoh in difemete 
for a distance of 2 feet or more from the bot 
tom for letting in the water. In many ease 
instead of this small open well the eapi^pip 
is on a well point whose diameter is the ami 
as that of the supply pipe, and whose lengil 
varies with the diameter. These well point 
have not given satisfaction, and are being re 
placed by the open well. 

The difficulty with many of the wells is tha 
they are not large enough; the water in then 
PiQ.L-viewof Gausepump. |g lowered too rapidly, producing such a rapu 

chllrg^^i^; 'STange' f^r inflow as to carry sand, which cuts the valvo! 
platform; H, pinnger; T, cyi- and cylinder lining. 

inder; Z, enlarged valve open- 
ing and check valve; S, suction 




pipe. 



PUMPS. 



Nearly all the pumps in use in this vicinity with windmills arf 

of the reciprocating-piston type. Fig. 6 shows what is called th( 

Stone pump, manufactured by R. 6. Stone, of Garden. They aw 

made in three sizes — 6-inch, 8-inch, and 10-inch, these dimen 

siona being the approximate d\ame\^r oi Wifi> di*^\v.ar^e pipe. Th< 
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meter of the cylinder is leas than this by twice the thickness of 
brass lining. The valves shown iu fig. 7 are of the latest form; 




Flo. 1— Worktns ixuta of W( 



. plunger valve is of the single-flap or clack form, and the check 
the disk form, made so the water can pass up in the ceuteT «a v«lV^. 



12 



WINDMILLS FOB IBBIOATION. 



[ml 



as around the sides. In an earlier form of tliU pump the plangcr 
valve iB of the douhle-flap or butterfly form, and the check of tiu 
lift form, but having no opening at the center. Probably nine-tentlu 
of all the pumps in use new 
Garden are of the Stone vftri- 
ety. Fig. 1 shows the Game 
pump, one of the first used 
there for irrigating pnrposea. 
It is more expensive than tte 
Stone, and is not no vbmA 
usednow. Fig. l-tshowsc^ 
inder of 8-inch Frizell pnmp, 
a few of which are in nae. 
Fig. 4 shows the Woodmaiw 
pump, which is used viA 
windmill No. 2. Fig. M 
shows a crude home-made 
pump called the " water-el»- 
vator," One of these is ifi 
use in Garden. 




The wind velocity was meis- 
ured with a United StaW 
Weather Bureau cup ane- 
mometer. Each mile of wind 
was recorded electrically bj 
one pen of a two-pen rois- 
ter. By means of a Uttit 
device fastened to the pnm| 
an electric circuit is closed at 
each stroke of the pnmp and 
a record made by a recorders 
Another electric circuit lead- 
ing from the recorder to ti( 
other pen of the register 
is closed at each handred 
strokes of the pump, and 
record made on the register 
hence the graphic record o( 
the register shows the nnni- 
ber of miles of wind in anT 

PlQ.8.-SectioimlTiewo(WoodmansopDmp. ■ ,. i i „ 

given time, and also the nnin- 
ber of hundred sti-okes of pump in the same time. 

The anemometer was hold on a pole at the height of the 



softie 
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rheel of the windmill. The pole was made so that its length could 
le increased at will from 25 to 50 feet. The anemometer on the pole 
■ shown in Pis. I and VIII. 

The discharge per stroke of the pump was found by catching the 
fater for several strokes in a tub and measuring this with a quart 
neasure. This was found to vary with the number of strokes per 
ninute in a few cases on account of the valves leaking. Tlie discharge 
pven where it varied is for nearly a maximum singed of pump. The 
lift or distance from the surface of water in the well to the center of 
Bie water column as it leaves tlie discharge pipe was measured when 
Khe pump was working quite rapidly. For pump on well points it 
was estimateil from the depth t** water when the point was put down, 
making an allowance for the pumping down of the water. 

In the following pages descriptions are given of each of the mills 
tested, these being illustrate<l by a few photographs of the mills and 
nuTOundings and by drawingsof the common form of pumps employed. 
The descriptions are also accompanieil by diagrams showing graphic- 
ally the results obtaincil by the measurement of the velocity of the 
wind and ])y counting the number of strokes of the pump. These 
diagrams exhibit at a glance the facts which otherwise can be com- 
prehended only by a careful study and analysis of the figures. As the 
wind increases from a gentle breeze the pumps run faster, the num- 
ber of strokes per mile of wind increasing rapidly up to a certain 
point, but beyond this point the diagrams show that although the 
wind increases in si>eed, the pump Ix^gins to run slower. Tliis appar- 
ttit eccentricity is due U) the simple fact that nearly all mills are so 
instructed that for safety they begin to turn out of the wind wlien 
it reaches a certain force, and thus decrease their revolutions, until 
ijl a heavy wind the movement ]x>comes quite slow or may even cease 
UtQgether, the vanes being as a rule turned edgewise to the direction 
tf the air currents. 

In these diagrams (figs. 4, 8, 0, 10, 11, i:3, 15, 10, IS, and 20) the 
elation Ixjtween the movement of the wind in miles per hour and the 
lumber of strokes of the pump is shown b}- the* curv<»d line. Tlie 
pace from left to right on these diagrams is proportional to the veloc- 
y of the wind, while the distance from the lower line upward is pro- 
ortional to the number of strokes of the pump. The data expressed 
y the.se diagrams were obtained directly from the record given by 
he anemometer register. The pen of this ccmnccted with the ane- 
lometer makes, we will assume, 3 short marks (.'3 miles) in 15 minutes, 
adieating a mile in 5 minutes, or at a rate of 12 miles an hour. At 
he same time the other i)en, connected with the pump and register- 
Qg each hundred strokes, makes, Siiy, 2 short marks, showing that 
he pump has made 200 strokes for this 3 miles of wind movement, or 
7 strokes in each mile. This fact is entered upon the diagram by 
placing <a small circle at a distance from the right corresponding to 12 
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■il«aper boar and a disUnce from th« bottom corresponding to 67 
•tfokes. Id thi« w«t each observation is indicated. Wlieo ttiew 
potnta bave been plotted, the smooth rurre is sketched so as to otxa^ 
an intermediate position among these. In order to deternime tbe 
number of strokes more aecoratelr than vas done hy the automatk 
recorder, these vere acinally coonted for a oonsiderable namtwriif 
the observations. 

DESCSIPnON OF MIUiS TESTED. 

Jini .Vo. 1. — The tests on this mill were preliminarj- or experiment^ 

toward the perfection of the instroments employed, and were not 

completed for discussion. 
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Flo. «.— DiBgrunHhowingreHnlWiTithinlUNo. 2 

Mm No. 2. — This is a 12-foot Woodmaiise Mogul, manufeotOMd bj | 
Woodman fto-Hewitt Miiniifaetiiring Company, Freeport, IItilui>^ 
PI. I BhowM tliP mill, tower, pmnp, and pond, and fiji. 2 the woAini' 
pni-I.H. Till! lower is wlepl, -iH feet, high to the axis of the wheel. Tli'- 
wind exposure is not good from tho north, the mill being 116 feetaontli 
of a large barn. Tho wheel has 30 curved fans, each 36 by 13 t^^t 
inches, set at aa angle of 30° with the plane of the wheel. It is Iwct 
geared 3 to 1 and held in the wind by a spring. The pump is Woi)d- 
mause make, shown in fig. 3. The cylinder is OJ inches in diametei; 
tbe HUppXy pipe Is 6| inches in diameter-, Uv« length of stroke is 1- 
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lie well is 3} by 3} feet to water, a distance of 14 feet. In 
of this is put down a 13-iBch galvanized iron pipe 20 feet 
forming a small open welt. Tlie lift at the time of test 
et and the discharge per stroke 14^ quarts. The mean 
pressure was 2G.98 inches, and the meau temperature 94". 
mill, tower, pump, aud well was about (210. The curve, 




orUng partJi of aei 



Ig. 4, is for a moderately loaded 12-foot mill (536.2 foot- 
stroke), and is seen to start with a wind velocity of about 
r hour. It ascends very rapidly, reaching a maximum at 
rhour, and giving 60 strokes per mile. The rest of the 
miles hasa gentle slope; the number of strokes per minute, 
5 at 12 miles to aboat 3S at 30 miles per hour. 
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MiU No. S. — This is a 12-foot aermotor, maonfaotnred by th« Ae^ 
motor Company, Chici^o, IIlinoiB. Ft. II shows the mill witb ill 
tower, pump, and pond, and fig. 5 the working parts. ThismOllud 
been in use about a year and all the parts were in good wotting 
order. The tower is made of wood, having the axis of the wheellO 
feet above the ground. Theexposure is very good. The wheellutlS 
curved fans, each 44 by 18J by 7} inches, set at an angle of 31° to tin 
plane of the wheel. It is back geared 3^ to 1, and is held in thewind 
by a spring. The pump is the Stone make (figs 6 and 7), in idiich 
the check valve is of the single-flap variety, and the plunger nin 
the double-flap variety. The cylinder is 9^ inches in diameter; the 




supply pipe is 4 inches in diameter, and the discharge pipe is 10 
inches in outside diameter. The length of stroke is 12 inches and thf 
discharge per stroke 14^ quarts. The well is 4 by 4 feet and is sunt 
a distance of 8 feet, lieing down nearly to water. From this to » 
depth of 18 feet it is 3 feet in diameter. In the bottom of this an 
three pipes 12 inches in diameter extending down 5 feet farther. The 
lift at the time of testing was 13| feet. The barometer pressure wai 
27.2 inches, and the temperature 85° F. The water is pumped into a 
pond 80 by 75 feet, and a depth of 22 inches can be drawn off. Tb' 
cost of the plant, including mill, tower, pump, and pond, was H45 
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irve shown in fig. 8 is for a rather lightly loaded mill — 415.3 
nds i)er stroke. It starts at a velocity of 6 to 7 miles per 
cends less rapidly than in fig. 4, attains a maximum at about 
per hour, when the number of strokes "per mile is 62, and then 
} slowly, reaching 50 strokes at 30 miles. The number of 
)er minute increases from about 5 at 8 miles to 25 at 30 miles. 
To. 4. — ^This, shown in the foreground of PI. Ill, is an 8-foot 
ndmill, manufactured by the Stover Manufacturing Company, 
t;, Illinois. This mill had been in use about one year and all 
s were in good condition. The tower is of wood; the axis of 
3l is 48 feet above the ground. The wheel has 15 fans, each 
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Pio. 8.— Diagram showing results with Mill No. a 

by 30 inches, set at an angle of 29° with the plane of the 
It is back geared 2| to 1 and is held in the wind by a spring, 
ip is of the Stone make. The discharge pipe is 5f inches in 
r and the supply pipe 3 inches in diameter. The length of 
1 8 inches. The plunger and check valves are of the single- 
ety. The well is 2J by 2} feet down, nearly to water, a depth 
et. The 3-inch supply pipe extends down to a depth of 14 
1 on the end of it is a 3-inch well point 6 feet long. The lift 
y from 8^ to 20 feet. It was probably about 12 feet at the 
the test. The discharge per stroke w^s 2 quarts. The mean. 
»8 2 
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barometer prassDre waa 37. 19 inches, and the tneao tomperatnie i 
The water is pamped into a pond 115 by 31 feet and 3 feet deep, 
cost of the plant, indndiog mill, pnmp, well, and pond, was #80 
The oarve shown in Fig. 9, although for a quite lightly loaded : 
mill — 50 foot-pounds per stroke — is seen to start in a 10 to 11 
wind. The maximum is reached at 19 miles with a speed of 78 sti 
The right portion of the curve is quite steep and is charaotc 
of this make of mill. Mill No. 18 is the same size and make w 
one, and yet with a load of 89. 2 foot-pounds it starts in a 7 to c 
wind, reaching a maximum at about ISmilesata speed of liHst 
per mile. A second test, when the spring that holds the wind > 









^ 


^ °° 


t^ 


-*." 










/ 








oN 


\ 




I. 


/ 


/ 












\ 


j 


/ 
















i" 





















» 
















10 



















Pia. S.— Dtagnun ahowliiK remilts with Mill No. i. 

in the wind was tightened up somewhat, gave the maximam 
Telocity of about 15 miles with a pump speed of about 114 sti 
The difference in performance appeared to be due to differen 
pumps and wells. 

MiU No. S. — This mill, shown in the backgronud of PL III, 
S-foot aermotor, manufactured by the Aermotor Company, Chi 
Illinois. The tower is of wood and is 2Si feet high to the axis ( 
wheel. The exposure is good, and all the parts were in good 
ing order at the time of examination, the plant having been i 
about one year. The wheel has 18 curved fans, each 30 by 124 
incbea, making an angle of 29^° with the plane of the wheel. 
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aared ^ to 1. The pump is Stone make. The discharge pipe 
(hes in diameter; the supply pipe, 3 inches in diameter. The 
are both of the single-flap variety. The length of stroke is 8 
The well is 4 by 4 feet to water, a depth of 10^ feet. A 12- 
Qodeu curb extends 12 feet farther into the sand and gravel. 
Ischarge per stroke was 3} quarts and the lift 13 feet. The 
is pumped into a pond 110 by 30 by 2| feet. The cost of 
including pond, was $80. 

8-foot mill, with a load of 95 foot-pounds, is shown by fig. 11 
i with an 8 to 9 mile wind, reaching a maximum at 13 to 15 miles 
5 strokes per mile. At 30 miles x>cr hour it is making 77 
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Pig. 10.— DiAKram showing results with Mill No. 5. 

i per mile and 39 per minute. This curve indicates a quite 
f loaded mill. 

No. 6. — ^This mill, shown in the background of PL II, is an 
Gem, manufactured by the United States Wind Engine and 
Ck>mpany, Kansas City, Missouri. The working parts of the 
■e shown in PL IV. The exposure is good and all the parts are 
1 working order, the mill having been in use only about a year, 
heel has 24 curved fans, each 30^ by 10 by 4^ inches, set at an 
>f 35^ with the plane of the wheel. It is back geared 3 to 1. 
heel is held in the wind by means of a weight. The pump is 
make. The discharge pipe is 6 inchea in d\&inft\AT^ \!fiift vq;:^'^^!) 
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pipe 4 inches in diameter, and the length of stroke 8 inohes. The 
well is open to water for a depth of 6^ feet. The supply pipe is on a 
well point, the end of which is 16 feet below the surface of thegromid. 
The lift was 9^ feet and the discharge 3^ quarts x>er stroke. Tlie 
tower is built of wood and is 24 feet high to the axis of the wheel 
The mean barometer pressure was 27.02 inches and the mean tem- 
perature 85<^ F. The plunger valve is of the double-flap variety, and 
the check of the single-flap variety. 

MUl No. 7.— This is a 12-foot aermotor similar to Mill No. 3. The 
tower is steel, having a height of 31 feet to the axis of the wheel 
The exposure was good and all the parts were in good working order, 
the plant having been in use less than one year. The pump is the 
Stone make, and is like that with Mill No. 3, except that the check 
valve is of the solid-lift variety. The lift was 15 J feet, and the dis- 
charge 14^ quarts per stroke. The water is pumped into a pond 135 
by 50 by 2i feet. 
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Fig. 11.— Diagram showing results with Mill No. 9, aermotor. 

JfiH No. 8, — This is a 10-foot Star wooden mill, manufactured bj' 
Bradley, Wheeler <& Co. , Kansas City, Missouri . The tower is made o^ 
wood and the axis of the wheel is 35^ feet above the ground. Tb<* 
water is pumped into an elevated tank 20 feet above the surface 0/ 
the ground, and is used for irrigation. The wheel has 60 plain fans, 
each 37 by 5 by 2} inches, set at an angle of 33° to the plane of wheel 
It is held in the wind by means of a weight. It is not back geared, a 
stroke of the pump l>oing made to each revolution of the wheel. The 
supply pipe is 2 inches in diameter and terminates in a well point, the 
pnd of wiich \h 18 feet below the suviae^ ot \A\^ ^tound. The cylinder 
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iclies in di&meter, the discharge pipe \i inchcH in diameter, the 
h of stroke 5 inches. The lift may vary betwocn 2^^ and 37 feet. 
« estimated to be ubout 30 feet at the time of measurement. 




FlO. U-Workms pu-ta of UiU Ha lOi tStal. 



lischar^ per stroke was 0.24 qoart. The cylinder leaked some 
) time of test. After a new cylinder was put in the discharge 
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per stroke was increased to 0.40 quart. The mean barometer j 
was 87.04 inches; mean temperature, 78° F. 

Mm No. 9. — Tliis is a 16-foot aermotor. The tower is steel 
axis of the wheel is 30 feet above the ground. The whee! 
cnrred fans, each 59 by 251 hy 10} inches, set at an angle of : 
the plane of the wheel. It is back geared 3i to 1. The di 
pipe is 12 inches in diameter, the supply pipe 6 inches in di 
the cylinder 8 inches in diameter; the stroke, 16 incheB. Tbi 
4 by 6 feet to a depth of 23 feet, 2 by 2 feet down 8 feet fartl 
18 inches diameter down 14 feet farther. The water is 39^ f« 
the surface of the ground. The lift is 44^ feet and the disci 
qoartfi per stroke. The check valve is of the single-flap van 
the plunger of the double-flap variety. The mean barometer [ 
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Fig. 13.— Dtognun afaowiikK reoolta wIUi Mill No. U. Ideid. 

was 27.04 and the mean temperature 93°. This plant has bee 
about three years. 

The curve, shown in fig. 11, starts with a wind velocity ol 
miles and reaches a maximum at 13 miles, with a speed of 53 
per mile. From this to a velocity of about 19 miles the curve i 
horizontal. From this point it descends slowly to 32 miles, i 
is making 38 strokes per mile. The piston speed increases fi 
rate of 1 1 strokes at 1 2 miles to the rate of 21 strokes at 30 miles p 

JtfiS No. 10. — This is an 8-foot Ideal. The tower is made < 
the axis of the wheel being 30 feet above the ground. The wl 
15 curved fans, each 31 by 19 by 7 inches, set at an angle of 2! 
the plane ot the wheel. It is bacW gQ&T«d. H to 1- The sup] 
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inches in diameter, the cylinder 2^ inches in diameter. The 
is of the common hand kind, with lift valve of the flap form and 
9r of the lift variety. The 

I leak some, as the dis- 
) is greater when the pump 
•king rapidly than when 
rorking slowly. Tlie sup- 
pe is on a well point 2 feet 
nd 1^ inches in diameter, 
lower end is 50 feet below 
rface of the ground. The 
8 33 feet and the discharge 
roke one-third of a ([iiart 

pumping quite rapidly, 
lean barometer pressure 
».94 inches and tlie mean 
rature 97o. 

No. ii.— This is a 12-foot 
the working parts of which 
own in fig. 12. The tower 
le of steel, the axis of the 

being 30 feet alx>ve the 
i. The exposure is good 

II the parts are in good 
ig order. The wheel lias 
ved fans, 31 by 11) by 7 
, set at an angle of 29^^ 
plane of the wheel. It is 
geared 2^ to 1, and the 

is held in the wind by a 
. The discharge pipe is 
es in diameter and the 

12 inches. The supply 
insists of two 3-inch pipes 
t long, each terminating 
inch well point 3 feet long, 
klves are both of the si ngle- 
iriety. The water is 39^ 
lelow the surface of the 
I. The lift, HH nearly as 
ye ascertained, was 45 feet 
time of measurement; the 
rge, 9 quarts per stroke, 
iter is pumped into a pond 
10 by 6 feet. This plant has been in nse abont three years, 
ean barometer pressure was 2G.91 inches, and the mean temper- 
no F. 




Fia. U.— Working parts of Prixell cylinder. 
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This carve, shown in fig. 13, is for a heavily loaded (843.7 
pounds per stroke) 12-foot mill. It starts with a velocity of abo 
miles per hour and roaches a maximum at about 23 miles, w 
piston speed of 57 strobes per mile. At 30 miles it is m&kii 
strokes per mile. The maximum point of this curve is much f&i 
to the right than that of any other curve. The number of stroke 
minute increases from 6 at 12 miles to 25 at 30 miles. 

MM No. i^.— This is a 14-foot Ideal, shown in fig. 16. The t 
is made of steel, 30 feet high to the axis of the wheel. The « 
has 24 curved fasfi, each 48} by 17i by 8 inches, set at an angle a 
with the plane of the wheel. It is back geared 2^ to 1. The p 
is Frizell make, shown in fig. 14. The dischai^ P>p€ is 10 inclii 
diameter; the cylinder H inches; thesapply pipe is 6 inchesindi 
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Fia. lG.-DbwTUD ahowliiK ramlta wiUi HIU Ho. 12. 

eter, terminating in a well point 10 feet long and 6 inches in d 
ter, the lower end of which is 32 feet below the surface of the gr 
The lift, as nearly as could be estimated, was 11 feet; the disci 
11.6 quarts per stroke. The mean barometer pressure was 
inches and the mean temperature 81° F. The water is pumpe 
a reservoir 100 by 100 feet aud 3 feet deep. The pump has b 
use about one year. 

The curve, eJiown in fig. 15, is for a very lightly loaded (2(J3.i 
pounds) 14-foot mill. This load is only 31 per cent of that of t 
foot mill, No. 11. The curve starts with a 7 to 8 mile wind and n 
a maximum at 15 miles with a piston speed of 58 strokes per n 
wind. At 30 the piston speed is 47 strokes. 
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Mill No. 7^.— This is a 12-foot aennotor, shown in PI. VI. The 
tower is made of wood, with the axis of the wheel 25 feet above the 
ground. The exx)osare is good and tlie plant in excellent condition, 
having been in use about one year. The wheel is the same as in mill 
No. 3. The pump is Stone make; the discharge pipe is 10 inches in 
diameter; the supply pipe is 5 inches in diameter on a well i)oint 10 
feet long, the lower end of which is 17 feet l)elow tlie surface of the 
ground. The length of stroke is 12 inches, 'llio plunger valve is of 
the double-flap type and the check valve of the single-flap variety. 
The discharge per stroke at the time of the test was 14.4 quarts and 
the lift about 11 feet. The mean barometer pressure was 27.09 inches 
and the mean temperature was 01° F. The important difference 
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Fig. lft.~Diaf;rum of rcRults with Mill No. 19. 

between this plant and No. 3 is tliat the latter has a 4-inch supply 
pipe and an open well, while the former has a 5-inch supply pipe on a 
Well point. 

Mm No. U.—Th\s is a 12- foot Gem, like the one shown in PI. IV, 
on a 60-foot steel tower. The pump is Gause make; the cylinder is 8 
inches in diameter; the length of stroke inches. The supply pipe 
is a 12-inch open well. The discharge per stroke was 9} quarts and 
the lift 15^ feet. Tlie wind velocity was not measured for this mill. 

Mill No. 15. — This is a 10- foot Gem, similar to that shown in PI. IV. 
rhe tower is made of wood, the axis of the wheel being 34 feet above 
the ground. The mill is in good working order, but the exposure is 
not good on account of trees. The wheel has 24 fans, each 36 by 11 
by 4} inches, set at an angle of 35^ with the plane of thcwh^^el. l^ve^ 
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back geared 'I to 1. T)ie pump is Stone make; the dischat^ pipeisi 
inches in diameter, the supply i>ipo 3 inches in diameter, the etrokeS 
inches. The pupply pipe is on a 3-inch well point 8 feet long, vhote 
lower end isSli feet below the surface of the ground. The plai^ 
valve is of the Bingle-flap form and has a check lift. Depth of wat« 
IB 10 feet. The diMchat^ per stroke is 7 quarts; the lift, alwatlf 
feet; the mean barometer pressure waa 27.05 inches and the men 
temperature was 84° F. 

MSI jVo. JO. — This is a 10-foot IMliday, pumping water into the 
same pond as No. 15, It is similar to the mill shown in fig. 12. Tht 
tower is wood, and the axis of the wheel 28 feet above ground. The 
wheel has 78 fans, each 30| by 4 by '2^ inches, set at an angle of 35i^ 
to the plane of the wheel. It is not back geai-ed. The pump is Ganw 




Flu. 17— View of Mill No, 20, Ji 



make, with a discharge pipe (! inches in diameter; the supply pipe is 
i inches in diameter. There is a 0-ineh galvanized iron pipe formiog 
an open well extending 15 feet into the water. The (lepth to water is 
11 feet, the lift is 10 feet, and the discharge per stroke is 3 quarts. 
The mean barometer iiressure was 27.02 inches, and the mean temper- 
ature 04° F. 

Mill No. 77.— This is a 12-foot improved (4em on a ;W-foot steel 
tower. The wheel has 32 curved fans, oacli -12 by IH by 4J inches, 
set at an angle of 37° with the plane of the wheel. It is back geared 
2 to 1. The pump is Gauao patent, with an 8-inch discharge pipe, 
4-inch supply pipe, J 2-inch stroke, and an open well formed of a 12- 
inch woo(len casing. The depth t-i wjitor is 17^ feet, the lift :JlJ feet. 
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9 discharge i)er stroke 8f quarts. The mean barometer pressure 
05 inches, and the mean temx>erature 03<^ F. This mill, although 
new, does not work well. It is out of plumb. Only a few 
*ement« of the number of strokes per mile of wind were made. 
No. 18. — This is an 8 -foot Ideal on a 3n-foot wooden tower, 
posure was good, and the parts were in gooil working order, 
leel is like that of Mill No. 4. The pump is Stone make, with a 
lischarge pipe. Tliero is no supply pipe, the cylinder l>eing under 
with 3^ inches oi)ening to it from ])elow. The valves are lift 
' for check, and single flap for plunger. The well is open, 
by a 10-inch galvanized pipe in the bottom of a part 4^ feet 
leter and 8 feet deep. It is 11 foot to water. The lift is 14} 
id the discharge per stroke 2.02 quarts. The mean barometer 
re was 27.01 inches, and the mean temiwrature 83° F. Tlie 
the plant, including iK>nd, was i^l2o. 
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Fio. 18.— Diagram Hhowing reHults with Mill No. *A\ 

No. 7P.— This is a 12-foot Gem, shown in PI. VII, on a 30-foot 
I tower. Tlie exiwsure is good, and the mill is in good work- 
Ler. The wheel is like that of Mill No. 17. The pump is Stone 
with 10-inch discharge pijK? and a 4-ini'h supply pipe. The 
of stroke is 10 inches. The 8ui)ply pii)e is on a 4-inch well 
I feet long, the end of which is 23 feet IkjIow the surface of the 
I. The check valve is of the lift tyi>e, and the plunger is of 
gle-flap tyiK*. The lift was about 18 feet, and the discharge 
oke 12 quarts. The mean barometer pressure was 27.13 inches, 
e mean temperature was 70" F. The water is pumped into a 
)ir 120 feet by CO feet. 

curve, seen in flg. 16, shows that a 9-mile wind is necessary to 
lis mill, and that the greatest number of strokea ^r iniV^^l 
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wind is 15, about 25 per c«nt lesa than most 12-foot steel back-gei 

millH. The piston speed is less than for other 12-foot millB, bein 

the rate of 6 at 12 miles and at the rate of 16 at 25 miles per hour 

Mill No. 20.~This is a 15^foot Jumbo, shown in fig. 17. Ita: 




Tia. m.^WorUiiKpHlaof HalUday mill. 

is a steel shaft 8 fpct above the ground. It has G fans, each 9i 
feot; the outer radius is 7i feot and the inner 4;^ feet. Tlii: 
opemtes twopunips, one at each end of the axis, encli having a ( 
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Under, a 3-inctt discharge pipe, and a 3-ineh supply pipe on a well 
int 5 feet long. The discharge of the two pumps was 10 quarts per 
roke; the lift was about 14 feet. The mean barometer pressure 
i» 27.09 inches and the m^an temperature was 85°. The anemom- 
er was held 14^ feet above the surface of the ground, or at the ele- 
ition of the center of a fan when in its highest position. The wheel 

set in a large box extending up to a level with the axis of the 
heel to prevent the wind from striking the part, of the wheel below 
saxis. 
The curve, shown in fig. is, is seen to be clilToront from the others 

that it has no maximum. It stai-t.s with a velocity of 13 to 14 
lies, and beyond 20 miles it apiK»ars to be nearly a straight line. 
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Fio. aa— Diagram of ruHultA with Mill No. 21. 

MaZ No, i?i.— Thisis a 12-foot Ilalliday, shown in IM. VIII, on a 31- 
►t wooden tower. It was made by the United States Wind Engine 
d Pump Company, of Batavia, Illinois. Tlie working i^arts are 
)wn in fig. 19. The wheel has 04 fans, each 42] by 5 by 2f inches, set 
an angle of 35° with the plane of the wheel. It is not back geared, 
d regulates itself on the centrifugal principle by the fans taking 
5 direction of the wind. The pump is Stone make, with 7i-inch 
<;harge, 4-inch supply pipe, and 7-inch stroke. Tlie check valve is 
: form and the plunger double flap. The well is o;[)en, formed by 
rooden curb 12 inches in diameter sunk in the bottom of a dug 
11 9 feet deep. The depth to water was lli feet and the lift 15 
it. The discharge per stroke was 4^ quarts when pumping quite 
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mpidly (30 strokes per minute). The valves were not in vei 
repair, anil thf> pump hmt its priming after a time. 

This cuire, shown in fig. 2i>, for a lightly landed (141, 
poundn), direct stroke 12-foot mill, is seen to Btart with a velt 
9 to 10 miles, and lo reach a roaxiroum at 19 miles, with a pisto] 
of 113 strokes per mile. A( '.iO miles the number of strokes ii 
98 per mile. The number of strokes j>er minute varies from 1 
miles to 45 at 25 miles. 




fcing parta o( Power Mill No. 3(1. 



Mtus Nos. 23 to 24. — The results ubt^inod from these mills w 
sufficiently complete for discussion. 

Mill No. 25.— This is an 8-foot steel mill, on a 32-foot steel 
mmle by FairlwnkH, Morse & C'o. The wheel has 18 curved fai 
29 by n| by 5:^ inchoa, set at an angle of 2!l° with the plane 
wheel. It is hack geared 2^ to 1. The pump is of the commo 
variety, with 2j^-ineh cylinder, l^inuh supply and discharge 
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DCh stroke. The well is open 6^ feet to water. The discharge 
3ke was 0.31 quart, and the lift 8^ feet. The water raised is 
r watering stock. 

ATo, 86. — This is a 14-foot steel power mill, on a 40-foot steel 
nade by the Perkins Windmill C'-ompany, Mishawaka, Indiana. 




'WurkiLKimrtH uf Power U[1l No. ST. 

irking jiartB aro .shown in fig. 21. The wheel liaa 32 curved 
ich 41 by Hi by 7} inches, set at an aiigie of 31° with the 
f the wheel. The shaft is geared forward C to 1 ; that is, the 
lakes R revolutions to each revolution of the wind wheel. The 
iras meaaurecl by the use of a I'rony friction brake. The radias 
irake pulley was 5 inches, and the length of the brake arm 33^ 




Fio. SS.— Foot KBU- of power mill No. XI. 
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inches. The nnmber of revolutions of the brake pulley per mile of 
wind wa8 found from a speed counter. This mill was tested twice. 
Between the dates of testing, some repairs were made to the shafting, 
causing the cogwheels to bind less tightly. The figures given in 
Table I for this mill are those obtained from the Second test, and are 
much larger than those from the first test. The load was 6 poundaon 
the arm 33^ inches long. The mill has been in use about one ye^r. 

Mill No. 27. — This is a 12-foot power aermotor on a 30-foot stMl 
tower. The wheel is the same aa in mill No. 3. The horizontal shaft 
is geared forward fi to 1. Fig. S 
shows the working parts of the mill 
and fig. 23 the foot gear. A Si- 
inch brake pulley was clami>ed to 
the horizontal shaft at a, fig. 23. 
The power was measured by a 
Prony friction brake on this ^■ 
inch pulley, the arm of the bnka 
being 35^ inches in length. Tha 
number of revolutions per mfla 
of wind was found from a qml 
counter. Themeanbarometerp«» 
sure on October 10, 1896, wbw 
quite a number of meaearemantsaC 
power "were made, was 28.9 inches, and the mean temper»tnn«M 
41)" F. These have been taken as a standard, and meaanreaerii 
made on other day« reduced to what they would have be 
pressure been at the standard. 

DISCUSSION OF THE RESULTS. 
The following table gives in condensed form the resalts obi 
from the observations upon the windmills described in the pw 
pages. This table shows, first, the arbitraiy- number given tel 
mill; next, the name of the mill and that of the owner of Oie p 
ular one tested. Following this is the diameter of the wind whed^_ 
feet. After this are four general dirisions within which the observt* 
tions have been classified according to the average velocity of the 
wind in miles per hour, beginning with a wind movement of 8 miles 
per hour and ending with one of 30 miles per hour. The number of 
strokes per mile of wind was obtained, as before stated, directly from 
the record given by the anemometer register. The second set of 
figures, that giving the number of strokes per minnto, is obtained by 
simple <livision from the first set, the number of strokes i>er mile 
being divided by the number of minutes required for the wind to 
make a mile. The next set of figures gives the number of gallons per 
hour that each pump was lifting under the different wind velocities. 
This is found from the preceding set by multiplying the number of 
strokes per minute by 8ixty{mimber of minutes in an hour), and this 
by the number of gallons raised at eac\v attota. 
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The next set of flfi^res, that inving the useful work in horsex>ower 
For the diflereDt velocities, is found from the preceding set by mul- 
fc^tlying each of these by the factoi-s which convei't the iiuiiibei- of 
SaUoDB or the quantity of water niined through the };iven height 
Lato the corresponding horsepower. One horsepower is the rate of 
■mrk when 33,U00 pounds is raise<l to a height uf 1 foot in one 
minnte, or, in other words, is 33,'WO foot-pomids. Thus to obtain the 
Dtefal work in horsepower it is net-essary to multiply tlic iitiniber of 
SbUous by the weight in pounds of eacli gallon and by the height in 
&et to which this is raised, and to divide this by 33,000. This is ex- 

(irawed mathematically by the simple formula: Horseiwwer = ,.,, :' -j^' 
where n is the number of slrokcH per minulo, </ the iiuihIht of gallons 
per stroke, g the weight in pounds per gallon, and h the lift in feet. 




—view of Ded 



The latt«r imrt uf the tal>li- k'vcs, after usi'fiil work in iiur.si' [tower, 
the foot-pounds of useful work per sti-oke of llu> pump, tliiH being 
obtained in the manner indieate<l alxtve by mulliplying the amount uf 
i^ter in pounds raised each stroke into the heigiit in feet. N"ext to 
this is the total vane area of the mill in siiuare feel, this l>eiug obtained 
^ a careful measurement of the size of the vanes. Next to this is 
»ppeDded the total lift in feet, ol>tained as noted under the deserip- 
tions of the mills, and also the size of the pump (inside diameter of 
the cylinder) and the length of stroke, both of these being given iu 
^ches. 

mu8 3 
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JUmdl* of mtauarcmenU and amijnitatioiiM of pumping miUx. 




Two pumps, each B by \i iuflies. 
[UBldo diBmoti-r of cylindiT by li 
rest after iDcruosiDe thK tendon 



iiljth.)tNtr<ikp. 
ofBppiiiKwliUV 



:h biilrts ^ 



It is seen that mills of the same sixp differ verj' much in tho iisefnl 
work they do, and that mtmc of the hirge mills are doing vny littlt 
more work than some of ihe smaller ones. Nos. 4 and \>i an- ihf 
same size and make: the wells, however, ai-c very different; Ihe lall« 
IB doing two or thi-ee times more work lluin the fiiimor. The 1: 
mill, No. 11, is doing nearly as miieh nsefitl work nfi the Ili-fiMit milli 
No. y, and three or four times more iisefnl work than the U-fiMit mill. 
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lo. 12, while it is doing 300 per cent more work than No. 21. The 
5^foot Jnmbo will probably do very little more work during the sea- 
on than a good 8-foot mill. 

RELATION BETWEEN' WIND VELOCITY AND STROKES. 

The prece<ling diagrams show graphically the i-elation l)etwoen the 
rind velocity in miles per hour and the strokes of the pump. The 
mrves, as will be noted, differ considerably; but with the exception 
4 No. 23 for Mill No. 20, they agree in that they rise rapidly, 
reaching the highest point or greatest nunil)er of strokes at from 13 
o 19 miles of wind veloi'ity. Fnmi this point they descend slowly. 
[hey differ much in the ix)sition of the lK>ginning of the curve, or the 
p^locity required to start the mill. Some will run in an 8-mile wind; 
ittiers require a 10 or 12 mile wind to start them. Some rise less raj)- 
dly than others; a notable case is Mill Xo. II. Some descend much 
Bore rapidly than others after reaching the highest point. This is 
wpecially true of the 8-foot Ideals. Mill No. 12 (PI. V) required a 
Li-mile wind to start it, and does not appear to have a maximum. 

The shai)e of the curve, esi>ecially the position of its l)eginning 
30int, is due to the load on the pump, or the numlicr of foot-i)ounds 
3er stroke. Increasing the load moves the curve to the right and 
Tttises it higher. This will be shown more fully in the discussion of 
^ower Mill No. 27. The height of the highest point and its position 
lepend on the tension of th(» spring, or the weight which holds the 
i&ill in the wind. The greater the tension, the higher the summit and 
She farther it is to the right. Mill No. 20 has no method of reducing 
ftewind area, and lience the curve has no summit, as shown in fig. 
17. The less the tension in the spring, the steeper tlie descent from 
tte highest point. The gearing — that is, tlie mechanism for causing 
kkepump to make a stroke to eadi revolution of the wheel, or only a 
Mroke every second or third revolution — uKwlities the curve. If work- 
^with a direct .stroke, the curve is much higher and is farther to 
fte right than if l)ack geared, as shown by a comparison of mills 3 
•ttd 21, shown in figs. 8 and 20. 

USEFl'L WORK IN HORSEPOWER. 

The relation ImM we<'n wincl velocity ami ]iorseiK>wer is shown graph- 
^II}" for five 12-foot mills on diagram No. .'U and for four 8-foot mills 
'i diagram No. 32. Examining the live curves of fig. 25, we see that 
I^O. II, the one which gives tlie greatest hoi*seiK)wer, has the heaviest 
*ad and requires the gnnitest wind velocity to start it. No. 2 has 
bout five-eighths the load of No. 11, dfws less work, and requires 
bout the same wind veloiMty to start the pump. No. 3 has a lighter 
^ad than No. 2 and will stail in a wind of about 7 miles per hour. 
o. 1 {) has a little heavier load than No. 3 and does much lesa ^viost^ 
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at all velocities. The latter requires a 9 tq 10 mile wind to start it, 
while the former will start in a 7 to 8 mile wind. No. 21 is doing tbe 
least work of the five, and requires about an 11-mile wind to start it 
It is a wooden mill working direct stroke, while the others are 8t«d 
mills and back geared. It must be understood in this eomparisoi 
that no correction or allowance is made for difference in temperature 
and barometric pressure, nor for the fact that in Nos. 11 and 19 tJie 
pumps are in well points, while in the others they are in open welk 
It is seen that in fig. 25 none of these curves reach a maximam 
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Fio. 25.— Diagram showing relation between hor8ei>ower and wind velocity for five li^fooiod)^ 

point below 30 miles per hour. They do, however, for some higbtf 
velocities, since the work per stroke of pump is nearly constant for 
each pump for all velocities, though not the same for one piimpi* 
for another. These curves also give the relation between wind veloc- 
ity and number of strokes of pump per minute. 

In fig. 26 the curve for No. 18 is seen to reach a maximum at 20 
miles per hour, and No. 4 reaches a maximum at about 25 miles ptf 
hour. The others reach their maximum points for velocities at abofl^ 
30 miles. These maximum points are points of greatest piston speedi 
and are produced by a reduction of wind area, the wind wheel turninf 
out of the wind. This make of mill is seen to ** govern " or turn oulfl' 
the wind at a lower velocity than other makes. Comparing the curve* 
on diagrHm No. 26, we see that the one doing the most work in higk 
velocities in No. 5, the one wh\cV\ \a Wv^ moeX^ \l^«s\V^ \q»A^. Tbe 



r.l 



DIBOmSION OF RESULTS. 



37 



[pal differenoes between Nos. 4 and 18 — ^the ones giving the most 
he least work for velocities less than 22 miles per hour — are in 
)ad and well. No. 4 has five-ninths of the load of Xo. 18, and 
a well x>oint. The two doing the least work are on well points. 
1 No. 25 is used to pump water for stock. Comparing it with 
>f, say, No. 5, we see that its load is about five-ninths, and that 
loing about one-tenth as much work as the latter. It will start< 
a wind velocity of about 6 miles x>er hour, while the latter 
res a velocity of about 8^ miles. 
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—Diagram showing relation between horsepower and wind velocity for four 8-foot miHs. 
X)MPARISON OF BACK-GEARED AND DIRECT-STROKE MILLS. 

• 

nparing the curves of fig. 25, which gives the relaticm between 
power and wind velocity for five makes of 12-foot mills, we see 
the one giving the least jwwer is working direct stroke. It 
red the greatest velocity to start it, and is doing loss work at all 
ities than any of the other four. In a 20-mile wind it is making 
"okes per minute, and in a 25-mile wind 48 strokes per minute, 
is too rapid a rate; 30 strokes per minute is as rapid as a pump 
.8 size should work. Hence the horsepower of this mill woidd be 
ban shown in the diagram if run at a proper rate. The only way 
it can be made to do more work without back gearing it is by 
using the load per stroke, but this will increase the velocity 
aary to start it, and cause it to remain idle a greater part of 
me. Ck>mparing the working of this mill and, say, No. 3, we see 
ihe work per stroke of No. 3 is 415 foot-pounds and that of No. 
L41 foot-pounds, or the former is doing about three times a& ta^a^s^VL 
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work per stroke as the latter, and the latter is making about 1.8 times 
as many strokes per minute as the former in a wind velocity of 16 or 
more miles per hour. The former being back geared 3^ to 1, its wheel 
is revolving about 1.9 times faster than that of the latter. Xoir, 
examining the curves of fig. 27, we see that the speed of the wheel 
has much to do with the useful work done. When the speed is low, 
as it must be in a mill working direct stroke and not too rapidly fcH* 
proper action of the valves of the pump, a slight increase in load 
reduces the speed a good deal. When the speed is nearly doubled, 
as in the case of Mill No. 3, the load may be increased considerably 
without reducing the speed much. Hence back gearing not only 
enables the mill to work with a given load in a much less wind velocity 
than one working direct stroke with the same load, but it enables the 
wheel to run at a velocity that gives more jwwer. 

PUMP LOAD DUE TO WELL POINT. 

On examining well points that have been used for a time, it is seeB 
that many of the little openings through which the water passes into 
the pump have becx)me filled with fine grains of sand, thus reducing 
the area through which the water can enter the pump. If this area 
was of the proper amount when the point was new, it has become too 
small after having been used for a time, or after standing in the 
ground for a time without being used. If this area is too small to 
allow free fiow into the pump, an added load is put on the pump. 

To measure the mean pull of the pump, an instrument was devised 
by Mr. R. G. Stone, of Garden, consisting essentially of a spiral 
spring, whose compression was proportioned to the pull, and a pencil 
which moved up and down over a smooth surface. The spring v«8 
calibrated and the pull in the pump rods of four pumps measured 
with it. The four pumps selected were operated by the same size and 
make of mill, and the pumps were the same except as to size of supply 
•pipe, valves, and kind of well. The discharge was practically the 
same, but the lifts differed slightly. These were Nos. 3, 7, 13, and 
22. The following t^ble gives the pull in each case after reducing to 
a common lift of 17 feet: 

Added load dxie to pump. 



No. mill. 

3 

7 

13 

22 



Lift. 



Kind of well. 



13f 
17 
12 
13^ 



Open 

Open 

4-inch well iK)int 
4-inch well point 



Mean pnll. 

Pounds. 
597 

734 

944 

819 



The straining capacity of No. 7 is not as great as that of No. 
the resistance of the valves is greater iw No, 7 than in No. 3. 



3, '^^ 
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USEFUL WORK DOXE IN A GIVEX TIME. 

The nsefiil work which two mills of the same wind area, exposure, 
iid general character will do depends on the majriiitude of the load 
Q the mill and tlie wind velocity. If the mill is heavily h)adiHl it 
ill do more work in velocities of 12 or more miles per liour, and less 
slower velocities than one of a li{j:hter load. The useful work done 
n a given time is the proiluct of the work done per hour at the mean 
'elocity, and the numlH»r of hours during;: that time. If the mean 
'elocity at a given place is low, the mill load must Ik* less for maxi- 
Dum work than that at a phi(*e where the mean velocity is higher. 
To illustrate this fact we use the results of tests of two 12-foot pump- 
ng mills (fig. 25): No. 11, heavily loadeil, and giving the greatest 
loreepower of all the mills test<»d at high win<l yekK*ities; and No. 3, 
iving the greatest power at low velocities. The useful work per 
troke of pump is 844 foot-i)ounds for No. 11, and 415 foot-pounds 
>r No. 3. The useless work of the former is greater than that of the 
titer, since the pump is on two well points in th<» former, while the 
limp of the latter is in an open well. 

The relation l)etween the hoi-seiK)wer and the wind velocity for 
lese mills is shown in the diagram (fig. 25). The curves are seen to 
xms each other at a wind velocity of 12^ miles jx^r hour. For less 
dlocities than this No. 3 is <loing more work piM* hour than No. 11, 
id for greater velocities No. 11 is doing more work than No. 3. If 
le velocity at this place wen», say, not mon» than 13 miles per hour^ 
is ver}' evident that mill No. 3 would do more work in any time than 
b. 11. 

There is no reconl of wind movement at Garden, Kansiis, for any 
>ii8iderable length of time. There is one, however, for Dcnlge, 50 
liles east of (ianlen, kept by the Tnited States Weather l^ureau, 
hich nmy l>e used for tliis purpose. Tlio following tal>le gives the 
lean number of houi*s per month for the six months, April to Sep- 
)mber, for the s<»v<mi yeai*s l.^S'j to 1S1J5, that the win<l movement was 
-5, f)-10, 11-15, H;-20, 21-25, 20-30, 31 an<l upward mih\s per hour. 

Mf*an wiud movement at Dotltfe, Kansas, for the seren j/t-ars' tSS:t to !.<:*',. 
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It i8 seen from this table that the wind velocity is 5 miles or less per 
hour for 140 hours per month at this place. During this time neither 
of these mills will do any work, as neither will start in a 5-mile wind 
The velocity is from 6 to 10 miles per hour for 198 hours per montL 
Mill No. 3 will start in about a 7-mile wind, and hence will run about 
four-fifths of this time, or 158 hours. No. 11 requires 11^ miles of 
wind to start it, and will do no work during this time. The velocity 
is 11 to 15 miles per hour for 157 hours during the month. No. 3 will 
work all of this time, and No. 11 about nine-tenths thereof, or 141 
hours. Both mills are running for all higher velocities. Mill No. 3 
will run (if in the wind) about 75 i>er cent of the time at this place, and 
No. 11 about 51 per c^nt of the time. 

Comparative performance of two miilH. 
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Columns 2 and 5 of the above table give the number of hours during 
the mean month that each mill was running with -a wind velocity of 
from G to 10, etc., miles per hour. Columns 3 and G give the horse- - 
I)ower for the mean velocity; for example, 0.168 is the horsepower 
for No. 3 at 13 miles per hour, and 0.19 is the horsepower for No. H 
for the same velocity. Columns 4 and 7 give the product of the num- 
ber of hours and horsepower that each mill is yielding during the 
month. It is seen that No. 11 is doing 31 per cent more useful work 
than No. 3. If this comparison is made for the month of August, it 
will be found that No. 11 will do 26 per cent more useful work during 
this month than No. 3. 

POWER MILLS. 

The working parts of Power Mill No. 27 are shown in fig. 22. Instead 
of the reciprocating motion of the pumping mill, there is here a cew* 
tral shaft which is caused to rotate by beveled cog wheels. The sizes 
of the cog wheels are so taken that this central shaft makes six revo- 
lutions to one of the wind wheel. The pumping mill being back 
geared 3^ to 1, and the power mill being geared forward 6 to 1, the 
vertical shaft makes twenty revolutions to one stroke of a j)ump 



.] DUCmSIOH OP BB8ULT& 41 

orked by a pumping mill whose wind wheel is running at the same 
ftte as that of a power mill. At the lower end of this shaft is a foot 
ear, shown i^ fig. 23, on which is placed the pulley which runs the 
rinder or other machine. 

The power that a windmill is rai)a]>le of developing? can be deter- 
nined better from a power than fn>m a pumping mill, 1>ecause the 
tffieiency of the pump, which may l>e anything frr»m 2<> per cent to 85 
ler cent,* is eliminated, and because the load on the mill can l>e varied 
ll will, and thus the effect of lojid on the p<3wer can be determined 
tor different wind velix-ities. Tu measure the power of this mill a 
pulley 9i inches in diameter was fitted to the shaft at A, fig. 23, and 
aProny friction brake, having an arm alxiut 3 feet long, made to fit 
the pulley. A spring Imlance reading to quarters of a pound was 
made fast at one end, the other end ]>eing fastene<l to the arm of the 
hrake. The speed of the shaft was found to lie too great to be taken 
"by a recorder, so a speed counter was useil. By turning the nuts on 
the under side of the brake the spring l^alance could ]>• made to read 
my desired number of ptjunds. and thus the lr>ad on the mill could 
he r^ulated. By holding the sf>eed counter on the end of the shaft, 
flirowing it in gear at the iK^ginning of a mile of wind and thrr>wing 
it out of gear at the end of the mile, the nunil>er of revolutions of pid- 
% was found. The time of making the mile was also note<l, from 
which wind velocity was found. If u equal the nuni]K.*r of i-evolu- 
tions of pulley per mile of wind. L the load as shown by spring 
balance plus load of arm, and R the length of brake arm, we have 
the number of foot-jKmn<ls i>er mile of wind : F<K»t-pfmnfls=L u'2 tt R. 

In fig. 27 are given four ciir\-es showing the relation lietween the 
tUunber of foot-iK>unds per mile of wind and the wind velocity for 
four loads, namely, i>ounds. 4 {Kiunds, 2 iK»unds, and •» i>ounds. 
Hiese cur\-es are con.structed in the same way as tluise of fi^. 4. s, r», 
ll, 13, 15, !•;, 1j<, and 2<», by drawinir a snif>oth curve among a series 
tf points whose ordi nates are found fn»ni the above equation and 
i^hose absci-ssas are the oliserved veloi-ity of wind, sa as to have alx^ut 
Is many points on one side as on tli«* orlier. The left, or stei*p part, 
tf each cur\-e is the most difficult to <leteniiine, and has a less degree 
rf accuracy than the rest of the curve: owing to the velo<?iiy being 
ow, several minutcrs an.' UfMressJirv to make a mile, and the wind mav 
^ary crmsiderably during this time. It may l>e nearly an average all 
he time and the mill .s<.-an-4'ly move, or it may ])e twice as rapid the 
alter half of the time as the first half, and the numl>erof revolutions 
or the same mean velwity will Ixr quite different in the two cases. 

Another reasrm why the st***-p i>art is less accurate is that a very 
ittle movement to the right r»r left of this i)ortion will change the 
Lumber of foot-pounds much more than in any other part of the cur^'e. 
lie curve A B is for no brake loa^l. The brake was off the pulley: 
lo usef oI work was Ijeing done, but the resistance of the moving parts 
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of the mill was being overcome. The pull necessary to overcome this 
resistance was found by standing on the platform of the mill and poll* 
ing the wind wheel around at uniform low speed with a spring balance. 
This was checked by binding a cord round the circumference of the 
wind wheel, and, standing on the ground, moving the mill when there 
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Fig. 27.— Diagram showing useful work for different loads of Mill No. ST. 

was no wind by pulling on the spring balance attached to this cord. A 
pull of li pounds applied at the circumference (6 feet from center of 
wind wheel) was sufficient to overcome this resistance at a low veloc- 
ity. Since the brake pulley is geared forward 6 to 1, the number of 
foot-pounds per revolution of brake pulley necessary to overcome this 
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resistance is 7.9. The number of foot-pounds i>er mile of wind for 
)ther velocities is then easily found from speed of brake pulley. 

The greater part of this curve, A B, fig. 27, is seen to be a nearly 
horizontal straight line, the numl^er of foot-pounds per mile of \%'ind 
required to run the machinery being nearly constant. The other 
three curves of this plate are for useful work only; the useless work 
is not included in them. The highest point of these curves is seen to 
rise and move to the right as the load increases, and the part to the 
right of the highest i>oint is seen to become more and more steep as 
the load increases. A broken line, A K, has been sketched tangent 
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Fig. 3H.— DiafH'am Bliowint; horHopfjwer for different loa^U of Mill No. ST. 

to these cur\'es. It is the onveloiK* of them and is concave to the hor- 
izontal coordinate a.\is. It would give the relation between ftx)t- 
pounds per mile of wind and wind velocity if the load could be 
increascil as the velocitv increases. 

Fig. 28 shows the r<*lation lK?tween the horseiM)wer and the wind 
veloeitj' for the four loads — pounds, 4 ])ounds, 2 pounds, and 
pounds. They are obtained from the curves of fig. 27 by reduc- 
ing foot-pounds per mile of wind to horsepower; that is, for any 
velocity of, say, 10 miles per hour and load of, say^ 2 poundt&^ dv^vdftk 



44 



WINDHILLS FOR ISBIGATION. 



[sal 



the ordinate ft b, fig. 27, by f| (the number of niinatea required to 
make the mile), and by 33,000, and we have the corresponding ordi- 
nate a' b' of flg. 28. 

It ia seen from these curves that for any brake load the power of 
the mill increases rapidly as the vind velocity increases, and reach« 
a maximum for some velocity greater than 30 miles per hour. As tlw 
load inoreases, the velocity required to start' the mill increases rapidly 
and the curve becomes more steep. For a given wind velocity the 
power increases rapidly as the load increases. For a velocity uf 30 
mites the power is nearly proportional to the load for loads less Ihsn 
6 pounds. It is seen that when the velocity is less than 12 miles s 
4-pound load is too great, and when the velocity is less than 19 miles 
a 6-pound load is too great. The dotted curve D K, which is the 
envelope of these curves, gives the relation between power and wind 
velocity for a constantly increasing load. It is seen that there woold 
be a great saving of power by the use of a device which wonld auto- 
matically increase the load as the velocity increases. The horsepower 
would then be given by the curve D K, Instead of by one of the other 
curves. 

RemilU of computations ofpmrer milh. 
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TOTAL ENERGY OP THE WIND. 

The curve A B shows the relation between wind velocity and the 
total horsepower possessed by the wind at the temperature of 46° f. 
and the barometric prea'jure of 28.^ inches. It is found from the rela- 
tion Hor8e(>ower=^ A --■ where w i« the weight per cubic foot of 
air at this temperature and pressure, A the vane area equals 72.K 
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it, y the velocity of wind in f«et per second, &nd g the accel- 
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r gravity, w was found from the formalft w= - 

m 

T, = 273° C, w„ = .0807 pounds per cubic foot, p, = 14.7 
er square inch. T = 281' C, p = iiS.fl inches, and C = the 
ire expremed in centigrade degrees. Subatitutisg these 
oisepower = .00021 V*. 

KFTICIEXCY lir MILL. 

iding any ordinate of » load curve hy the corresponding 
>f thia curve A B, we hare the efficiency of the mill for this 

velocity of wind. load a rarsna ox apBtxo BAi.A.icit 

f seen that the effi- ^ 
ureases as the veloc- 
ses and as the load 

The maximum to 

isgiren by the ratio li 

.inate of the dotted ^ 

the corresponding ° ai 

»f curve A B. This ^ 

for a load of 2 I 

nd a velocity of 9 ^ m 

hour is 40 per cent, f 

wind area the sum £ 

as of the fans. At , g, 

with a load of 4 ^ 

is 3(j per cent. If E 

at this velocity be F 9, 

3 ponnds the effi- | 
reduced to 24 per U 

shows the relation 
oad and numljcr of 
isof thebraLe pul- 

lOCitiCS of S 12 Itt i^O- ^'—Di*8twDiiIiowlDicrel>Hon between Dnin1ier<rf 

' -' " KToIutlonsiifbrnlicpnlli-y per minula uhIIobJ ror 

130 miles per hour. different wJudveUicineH for VUl No. £7. 

how much the speed is reduc^-d by a sivcu change of 
is seen that for a velocity of 8 mileu per hour changing 
from to 2 pounds reduces the Bpee<l i!(i jier <-ent. When 
ty is 12 miles, changing the load from to 2 pounds reduces 
about 17 per cent, and changing from 2 to 4 pounds reduces 
50 percent When the velocity is 16 miles, changing the 

1 to 3 pounds chaugcs the speed verj- little. When the 
t 20 miles, the speed remains about constant for 3 and 4 
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pounds; at 25 and 30 miles the speed remains neariy constant for 
loads from 2 to 6 pounds. 

MATHEMATICAL RELATION BETWEEN WIND VELOCITY AND POWSB. 

The relation between wind velocity and power of windmill is 
expressed graphically by the curves of fig. 28. The mathematical 
expression of this relation is given by Mr. A. R. Wolff on page 30 of 
his book, The Windmill as a Prime Motor, as Lv (or foot-pounds per 

second) = v( sin a cos a \ cos «, where v= velocity of 

fan, 8=surface of fan in feet, c= velocity of wind in feet per sec- 
ond, L=nseful wind pressure on fan, d=density of wind, g=accel- 
eration due to gravity, k is a coefficient, and a=the angle that the 
wind makes with surface of fan. It is seen that for a given wind 
velocity, density of air, and wind area, this expression for useful 
work is a function only of the velocity of the moving fan; it is not a 
function of the load on the mill. Fig. 29 shows that for a wind 
velocity of 30 miles per hour, and with a nearly constant velocity 
of wind area (v in the above formula), the load can be more than 
double, and thus the power more than doubled. It is evident, then, 
that however well this formula may give the jwwer of the old Dutch 
mill or other modem mills not back geared, it gives results very much 
in error for a steel back-geared mill. Judging from the results of 
these tests, a formula giving the power of a steel back-geared mill 
should contain a factor which varies as the load on the mill varies. 

GENERAL CONCLUSIONS. 

1. The pumping power of windmills, or the useful work they do 
when raising water with reciprocating pumps of sizes from 4 to 10 
inches diameter, is small — not greater that 0.65 of 1 horsepower for 
12-foot mills, and much less than that claimed for them by some wind- 
mill makers. 

2. The pumping power of windmills made for irrigating purposes 
is much greater than that of those which have been used for raising 
water for stock purposes. 

3. The pumping power of the steel back-geared mills is greater than 
that of the wooden mills working with direct stroke. 

4. The power of the Jumbo mill is much less — except for very high 
wind velocities — than that of the steel back-geared mills. 

5. Well points produce a greater load on a windmill for a given lift 
and quantity of water than open wells. 

6. Perhaps the most important result shown by these tests, and one 
that has not been clearly shown before, as far as the writer has seen,' 
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\ the influence of load on mill, or number of foot-pounds per stroke 
t pump on the power of a mill. The influence of this load factor on 
tie power can be seen by comparing the power of two pumping mills 
f the same diameter whose loads differ considerably; but it is much 
letter shown by the tests of Power Mill No. 26. These tests show that 
or high velocities — 25 or 30 miles — the power is ver\' nearly propor- 
ional to the load on the mill. For 30 miles per hour, a brake load of 
I pounds gave 0.5-4 horsepower: a 4-pound load, 1.09 horsepower; and 
1 6-pound load, 1.55 horsepower. The influence of this factor on the 
^ower is so great that if it is not properly taken into account, it 
obscures the influence of resistance of well points and the working of 
valves of pump or the efliciency of the pump. 

7. Another fact brought out by these tests, and which follows as a 
reimlt of the previous ones, is that there should be some automatic 
device for increasing the load on a mill as the wind velocity increases. 
When the velocity is low — say 6 miles per hour — the load should be 
anall enough to enable the wind wheel to run at a rapid rate — the rate 
for maximum power — and then as the wind velocity increases the load 
should be increased, so 

as not to allow the wheel 
to ran at a higher speed. 
Hiis is a verj' promis- 
ing field for the inven- 
tor. 

8. If the load can not 
be automatically in- 
^^ased as the wind ve- 
odty increases, then 
^e question arises, 
What is the proper or 
most economical load ? 
rhis dei>ends on the ve- 
locity of the ^ind each 
month at the given 
place. During the 
KHonths of July and 
August there are a greater number of houi*s of low wind velocity than 
during any other two months of the year. The load should be light 
during these months for the greatest i>ow<m-. If the \nnd velocity is 
known, and the mill is one of the sizes and niakes shown in the dia- 
Sntms, the proper load can easily Imi* conipute<l. The mills in the 
^cmity of Garden, Kansas, would do more useful work if more heavily 
loaded. 

It is seen that the useful work that a windmill will do when work- 
^ under a constant load at all velocities is small, the horsepower 
^aiying as the first power of the velocity. By some device for auto- 




FiG.30.— DiaRram of forcefl aoting on vane of mill. 
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matically increasing the load as the wind velocity increases, the power 
may be much increased at high velocities, and will then vary as the 
second power of the velocity. Even with this device for increasing 
power there is still a great difference between the power possessed 
by the wind and the power developed by the mill, and this difference 
increases as the velocity increases. 

The reason why the windmill utilizes so small an amount of the 
energy of the wind may be seen from the following: Let A B, fig. 3«), 
be a strip taken from the outer end of one fan of a windmill. It is 
curved, but for this purpose it may be considered a plane. This strip 
makes an angle a with the absolute direction of the wind. C rep- 
resents the amount and direction of the wind; V represents the 
amount and direction of the velocity of the surface A B. Then the 
relative velocity of the wind — that is, its velocity with re8i)ect to the 
moving surface A B — is V, the diagonal of the parallelogram con- 
structed on V and C as sides, V makes an angle ft with the sloping 
surface A B. If V=0 — ^that is, if the wheel is held so that it can 
not revolve — the angle >5=flr. As V increases fi grows less and 
less, and finally becomes zero, in which case V is parallel to surface 
A B. In this case the surface receives no pressure from the wind— 
this portion of the fan is not utilizing any of the energy of the wind. 
If Vbe still further increased, ^ becomes negative, and the wind pres- 
sure is on the opposite side of A B. This portion of the fan is then 
doing work on the wind instead of the wind doing work on the fan. 
The effective wind area of a fan being the projection of the fan on a 
plane at right angles to the relative velocity of wind over it — that is, 
to V — it is seen that as V increases the effective wind area decreases. 
The energy which the fan takes from the wind is proportional to the 
effective wind area. It is seen, then, that this reduction of effective 
wind area is the reason why the efficiency is low at high velocities. If 
this effective wind area could be kept constant by some device for 
changing the angle of the fans, the relation between wind velocity and 
horsepower might vary nearly as the third power of the wind velocity. 

In this discussion we have not taken into account the reduction of 
wind area due to the wind wheel swinging out of the wind, or "regu- 
lating." The mill can be built strong enough so that it will not need 
to regulate for velocities less than 30 miles an hour. 
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LETTER OF TRANSMITTAL. 



Department of the Interior, 
United States Geological Survey, 

Division of Hydrography, 

Washington^ April IS, IS97. 

Sir: I have the honor to transmit here>*ith a manuscript entitled, 
^Irrigation near Greeley, Colorado," and to recommend that it be 
Vblished in the series of water-supply and irrigation papers. The 
batements therein contained have been compiled from a report pre- 
«red by Hon. David Boyd, of Greeley, Colorado, one of the earlj' 
lembers of Union Colonj', which was led by Nathan C. Meeker and 
iven encouragement and proniinen(*e by Horace Greeley. In a short 
«per of this kind it is impossible to go into the details of the Strug- 
l6B of this colony for existence and of the development of agricul- 
ore and of a system of water control whose leading features have 
leen widely copied. The attempt has l)een made, however, to present 
he more prominent facts and those of most interest and value to the 
Itizensof the West who are now following in similar paths and seek- 
Dg to lay the foundations for broad and lasting systems of water util- 
sAtion and control by which the rights of all may be determined and 
iTotected. 

The paper by Mr. Koyd is prefaced by an introduction, compiled 

'loro the records of this division and from other sources, to illustrate 

ihe climatic and topogmphic conditions of Cache la Poudre Valley, in 

vhich Greeley is situated, and also the limitations of water supply, 

dnoe it is upon the latter that the question of growth and develop- 

nent must rest. The evolut ion of systems for obtaining and applying 

iraier to the agricultural lands and of the complicated laws and reg- 

ilations are in striking contnist to the (juiet, almost imi)erceptible 

levelopment of irrigation in southern New Mexico, to be described in 

ihe next paper of this series. A comparison of the two illustrates the 

;reat differences existing between various portions of our Western 

sountry and the impossibility of transferring local practices from one 

[mint to another irrespective of natural conditions. 

Very respectfully, 

F. H. Newell, 

Hydrographer in Cha ge. 
Hon. Charles D. Walcott, 

Director United States Geological Survey. 



fj 



■ • 

.1 

1 

7 

I 



•Y • 



'\*' Jf 



IRRIGATION NEAR GREELEY, COLORADO. 



By David Boyd. 



INTRODUCTION. 
By F. H. Newelx.. 

Ill the following pax)er b^' Mr. Boyd, a description is given of the 
gfOwth and development of irrigation in the valley of Cache laPondre 
Cheek, in the northern part of Colorado. In this valley the best 
Idmiwii town is Greeley, and hence this paper has been entitled '^Irri- 
grtian near Greeley,^ as being most expressive of the location and 
eksrmoter of the irrigation s^'stem and methods described. 

Omitting the great Pacific Coast State of California, which lies for 
tke most part outside of the strictly arid region, it may^ be safely 
daimed that Colorado stands preeminent in the extent and high 
degree of development of agricaltare by irrigation. Here what may 
be tenned American methods and de\ico8 for diverting and applying 
water to the fields have g^wn up, and the success attained has stim- 
ulated attempts elsewhere throughout the Western third of the United 
Statea. The same relation that Colorado holds to the rest of the arid 
regfon ia borne by the Cache la Poudre Valley to the State of Colo- 
rado. It has for many 3'ears led in the construction and extension 
of irrigation systems, and its history may be said to epitomize the 
record of struggles and successes throughout the State. 

The development of irrigation is not merely the result of a succes- 
aioD of victories over physical or material obstacles. In our country 
these form but a part — and, unfortunately, often a relatively small 
part — of the difficulties encountered by the irrigator. By far the 
most vexatious and expensive imfiediments to be removed have been 
thoee arising from the inapplicability of our laws and customs to the 
oonditions prevailing witliin the arid region. Every instinct acquired 
throngh generations of life in a humid country seems to rebel against 
the methods of the irrigator, and every tradition of law is in direct 
opixwition to the proper employment of the natural waters. These 
instincts and traditions have ha<l to be laboriously demolished, usu- 
ally after severe struggle, and the series of contests appears a never- 
ending one. There is little doubt that if it were possible to sum up 

9 
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in one column the total expense incurred in the irrigation and recla- 
mation of the West, and in another column the costs due to defective 
legislation, and especially to controversies over conflicting water 
rights, the latter would prove to be far the larger. 

As in the development of her water resources Colorado has led the 
greater part of the West, so in the attempts to effect a suitable judi- 
cial and executive system having to do with water has this State been 
the pioneer. It can not be said that Colorado has been the most sn^ 
cessful, for newer States, notably Wyoming, profiting by her experi- 
ence, have achieved what seem to be more perfect systems; but thdr 
happiness in this regard is due largely to exertions of citizens of 
Colorado. 

In the same way that Colorado has led in improvements in legisla- 
tion have the citizens of Greeley and vicinity been the leaders in Col- 
orado. First to experience the necessities, they have been at the 
front in urging needed reforms, and in these they have been notably 
successful. Thus it is appropriate in a series of papers devoted 
mainly to irrigation to review at some length the conditions near 
Greeley, for from here have come many initiatives to a proper state 
of affairs. 

Considerable space is devoted in this paper to matter which at first 
sight may seem to be more peculiar to the lawyer than to the farmer, 
but, as above stated, the irrigator is called upon probably more than any 
other agriculturist to consider his legal environment. Although a 
beginning has been made, yet many years must elapse before the 
laws relating to irrigation, both State and national, fully recognize 
the necessities of the irrigator or permit such a development that the 
greatest good shall come to the greatest number. In a government by 
the people and for the people it is essential that every man become to 
a certain extent familiar with such defects before they can be reme- 
died, as well as with the physical possibilities and limitations of his 
country. 

There is no way in which these matters can be brought more clearly 
to the attention of the voter and farmer than by relating the experi- 
ences of other men in their struggles for existence. In nearly every 
State there are still to be made great and even fundamental changes 
in the laws relating to the control of water before the water resources 
can be fully utilized. The perplexities and even the mistakes of the 
pioneers teach most valuable lessons, for in many other States these 
conditions are not yet outgrown. Happy will their citizens be if they 
can utilize the costly experience of others without paying the high 
price. 

LOCATION AND TOPOGRAPHY. 

The state of Colorado comprises within its limits the headwaters of 
both the North and South Platte, the Arkansas, Rio Grande, San 
Ju&n, Grand, and White rivers. For convenience of water adminis- 
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-tomtion, the State has been divided, as descril>ed on a later page, into 
ilx great divisions, corresponding to these lai^ drainage basins indi- 
cated on the map (fig. 1) by ronian nunK^mls. Tliese in turn have 
Iwen divided into districts, and nnmbers have been arbitrarily assigned 
to these, as shown by the map. Of tliese districts, the one discussed 
in this paper is nnmbered 3, and includes Cache la I'ondre Creek, 
one of the principal tributaries of South Platte River. 

On the map the ontlines of the water districts are indicated by 
Ugfat broken lines and those of the large divisions by hea^y dotted 
Unes. These latter follow the mountain summits or main divides, 

t ttie line l>etween divisions Nos. 1 niul II and those to the west being 




■long the continental watershed. Thi.s line thus marks the higher 
ffloantain ranges, which rise to nllitiuk's of from 1>,00U to over 13,000 
feet. From these high crests the stn-ams How in all directions, those 
npon the east uniting In form the Arkansas, or, north of this, the 
Sooth Platte. The latter stream, after delmuching from its canyon 
■ome 12 miles south of Denver, pursues a nearly northerly coorse 
antil it reaches Cache la Poudre Creek, some 5:^ miles by rail north 
of Denver and 4 miles east of Greeley. Kear Denver it receives, 
from the moontains to the west. Clear Creek; 30 miles farther down, 
tlie St. Vrain; and 10 miles still farther, the Big Thompaon. Cache 
la Poadie Creek is the last perennial tributary reoeived by Sooth 
Flatte Biva before it joins the North Platte in Nebraska. The name. 
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origiBally Cmeht a la IVKidT«, signifles hiding place for the povd 
In local nsige it is afl«D still fnilher Hbortened to Poadre Craek. 

Tbrae trilmtaty streduns above nuned head some 75 or 100 ni 
bftck <rf the foothills among moontain peaks many of which are v 
11,000 feet hi^ Their Hot is small during the seven months of ' 
year commencing with September and ending with March. The< 
ehaige of the larger ones daring these months rarely exceeds 
aceand-feet or falls mnoh below 50. 




Piu. 2. -HBpot Carlw Ik Pondn Valley. 

A Binall map, fig. 3, Rhows the principal streams and dmini 
channelH tributary to Cache la Poiidre Creek, aud also exhibits 
relativepositionof the townn. On the west the drainage basin ext«i 
well into the high motintainR, from which a considerable proport 
of the rain and snow falling upon the steeper slopes escapes to i 
stream. In the center of the basin is the belt of foothill region, a 
in the eastern third the undulating area, neither plain nor footh 
From this come a considerable number of drainage lines, the prii 
pai ot which are Boxelder and Lone Tree creeks. These and otl 
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duumelB rarely receive water. For the greater part of the year their 
bedSy though well-marked features, are dry; but after heavy rains or 
^w nanRl rain storms — locally known as ^'cloud-bursts'' — they become 
flUed with raging torrents, which destroy everything in their paths. 
Tbe configuration of the country is such that the canals from the 
perennial streams must cross these, necessitating considerable expend- 
ttore in the construction of flumes or in annual outlay for repairs. 
A glance at the map of these channels and of the canal lines crossing 
fhem shows the well-marked trend toward the southeast and indicates 
fhat any excess or seepage water brought by the canals or by torrents, 
wlfether flowing above ground or percolating beneath, must ultimately 
leach Cache la Poudre Creek at x)ointis not far from its mouth. 

The streams on the western side of the basin flow with rapid fall 
fhrough narrow valleys. At tlu^ i)oint marked on the small map (fig. 2) 
with a dot and the initials G. S. (gaging station) the river leaves the 
eanyon and enters upon a comparatively broad valley. To the north 
of tlie stream the lands l)elow this point are low, the bottoms varying 
in width from half a mile to 2 miles. Above these are in succession 
two or three well-defined terraces or benches, as they are sometimes 
flailed. The soil and subsoil of these are, iis a rule, coarse and pervious, 
being composed largely of sands and gravels. On t he south of the 
liver the valley lands are narrow and restricted, comparatively small 
areas being available for agriculture. 

The distance from La Porte, where Cache la Poudre Creek enters 
the foothills, to its junction with the Platte is about 32 miles as the 
railroad runs. It is some 8 miles from La Poi*te to the gaging station 
at the mouth of the canyon. From the canyon to Chambers Lake it 
is about 70 miles by the roa<l as it winds among the mountains. This 
lake is near the head of the Middle Fork and is fed by a number of 
mall streams, the altitude of the lake being about 11,000 feet. 

RAINFALL. 

The soils of the valley lands are, as a rule, fertile and adapted to 
the production of crops of the temperate zone; but the rainfall is 
usually deficient in amount, and can not Ix) relied upon to supply 
(offieient moisture to the fields. Agriculture is thei^fore possible 
only by means of irrigation, which has In^en developed to a high 
degree of efficiency, although falling far short of ideal conditions. 
The amount of rainfall within the Inisin of Cache hi Poudre Ci*eek 
has been measured for only a comparatively short time and at a few 
places, these being at the towns in the lower part of the valley. To 
the northeast of the ba.sin a series of measurements have been carried 
on at Cheyenne, Wyoming, and to the south observations have been 
had at a considerable number of points, these being mainly at the 
foothill towns. 

The principal rainfall stations in geographic order from north to 
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' muth are asfollowH: Cheyenne, Wyoming; and Boxetder, Livermon, 
Fort Collins, and Loveland, Colorado. To the east of these latteris 
Greeley, at the lowest point in the valley. The locations of thm 
places are shown on the small map (fig. 2). The mean annnat rain- 
fall at Cheyenne, the elevation of which is about 6,100 feet, has been 
from 1870 to 18% a trifle over Hi inches; the minimum rainfall, thil 
of lS7i>, was 5.03 inches, and the maximum, that for 1883, was 19.H 
inches. The distrilHitioii by yeare is shown on the accompanyiDg 
diagram (tig. 3), which exhibits by the height of the black columu 
the quantity of rain for each year from 1870 to 1895, inclusive. 

The record of precipitation at Boxelder is comparatively Nliort, 
extending only from 1800. The average annual precipitation Hinra 
that time has l>een a little less than lli inches. At Livermore ihe 
record i« fragmentary, the average from 1880 to 1893 being about U 
inches. At Port Collins the record is longer, beginning in 1872, bat 
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Fia. 3.— Dtngram showini 



inukl nlnlmU at Chejeo 



is greatly broken until about 1887. The annual average has been It 
inches. The irregularity of distribution of the precipitation is veil 
illustrated by the diagram in PI. II, showing the monthly precipitation 
for the years 1887 to 1806, inclusive. This exhibits, by the heiglit of 
each column, the total amount of rain occurring during the montb, 
shown by the lettering at the top of the diagram. The greatest rain- 
fall in any one month was that of May, 1802 — 4.83 inches. This dia- 
gram exhibits the usually heavy rainfall during the early summer and 
the prevailing winter drouths. 

The record of rainfall at Loveland Itegins in 1887, being fragnientiin' 
until ISDl. Theaverageannual precipitation hasbeenabout 13 inches. 
At (rMjeley a less amount of rain is indicated, the average from 1^87 
being under 11 inches. 

The following table allows a comparison since 1887 of the aDniml 
rainfall at the five points where the record is longest. The figiiri's 
included in parentheses are those for which an interpolated value has 
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leen used for one or tvo miasiii^ months. The me«uis given at the 
iQttom of the table are not ih*" siv^rtLSK^ ^*f the furores above, but are 
he total of the mc^ithly means, in«;Iud:n:; iha> pijiiioDs of years other- 
irise defective: 
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The distribution «»f th*- rainfa^.l hy s^as<>n> i> siimewhat irregular, 
be greatest amount f'^'iirriu:: durin^r thf- months from April to 
August inclusive, n»-arly twi>-thinl«i of tli»- t«ital amount for the year 
filing at that time. Tli:> fi»«-* i-* jllii>traT«-«i by tliif fMllowing table 
bowing the mr^an monthly prv-^'ipiTaTion at >!x iniiwiriant stations, the 
gnres being obtainM by av*T;4;rin^ t!i»- !■*-*•• jnl> for all of the months 
nring which oljser\ation.> w^-r*- kej»t. In xh*f mluiiin on the right 
hese have a^oiin l^^n avera^iTe^l and crimpiiTM in {larts per hundre«l 
o still further illustrate the di««tr]bution by m«inThs: for example, the 
kVerage of the*!^* rwfinls for th^ month 'if May. assuming that they 
kllhave efjual wcijrhts, shows that r*/*** ji^-r i-»-nt of the total precipi- 
•tion for the year has or-rMirn-*! during that m«inth. or. in other words, 
^ne-fifth of the total ami>unt of rain fell at that time. Xext to this 
iomes July with 13/»^ p»-r ^••-nt of th»' total prf-cipitation of the year, 
^extin quantity of rain Maud April and June, therse bein^ approxi- 
nately ec^uaL 
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Mean monthly precipitation at specified stationa in Colorado. 
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Month. 


Chey- 
enne. 


Box- 
elder. 


Liver- 
more. 


Fort 
Collins. 


Love- 
land. 


Oreeley. 


Percent 


January ... 
February . . 

March 

April 

May 

June 

July 

Aug^ust 

September . 

October 

November _ 
December.. 

Total.- 


Inches. 
0.49 

0.42 

0.78 

1.47 

2.22 

1.55 

1.90 

1.54 

0.97 

0.69 

0.32 

0.27 


Inches. 
0.84 

0.54 

1.33 

1.26 

3.30 

1.77 

2.22 

2.14 

1.06. 

0.64 

0.41 

0.37 


Inches. 
0.92 

0.56 

0.72 

1.86 

2.86 

1.80 

1.03 

1.34 

0.64 

1.92 

0.41 

0.17 


Inches. 
0.70 

0.56 

0.80 

1.73 

2.92 

1.67 

1.85 

1.32 

0.92 

0.90 

• 0.42 

0.80 


Inches. 
0.29 

1.04 

0.88 

1.43 

2.75 

1.12 

1.88 

0.29 

1.09 

.0.82 

0.28 

0.36 


Inches. 
0.20 

0.41 

0.50 

1.57 

1.88 

1.88 

1.59 

1.04 

0.54 

0.68 

0.76 

0.16 


4.32 

4.43 

6.28 

11.69 

19.96 

11.66 

13.06 

9.62 

6.55 

7.09 

3.26 

2.04 


12.62 


15.88 


14.23 


14.09 


12.18 


10.71 


100.00 



WATER SUPPLY. 

The principal source of water supply for the agricultural lands 
near Greeley is Cache la Poudre Creek, a comparatively small amount 
being derived from wells and from the impounded storm waters of 
intermittent tributaries. The main stream has been measured at the 
point where it leaves the canyon above Laporte, the observations 
having been continued for a longer number of years here than on 
any other stream in the arid region. The record therefore has ft 
peculiar value, giving the fluctuations of discharge through a series 
of years. The position of the gaging station is shown on the small 
map (fig. 2) by the dot marked 6. S. (gaging station). This is above 
nearly all of the irrigating canals and ditches, the principal exception 
being the North Poudre Canal, which irrigates about 4,000 acres, 
mainly in the valley of Boxelder Creek. The drainage area above the 
gaging station, as measured by planimeter on the Land Office maps 
of Colorado and Wyoming, is 1,060 square miles, ^ a region mainly 
mountainous in character. 

By one of the provisions of an act of the general assembly of the 
State of Colorado, approved March 5, 1881, the office of Stat« hydraulic 
engineer was created, and this officer was empowered to make meas- 
urements of the- waters of streams used in irrigation. Under this act 
Mr. J. S. Greene was employed to make measurements of Cache la 
Poudre Creek, a station being established in Marsh Canyon.' From 

*The ftrea giyen in the second biennial report of the State engineer of Colorado, p. 91« is VIS 
square miles, as measored on Hayden^a drainage map of Colorado. 

'First report of the State engineer, Eugene K. Btimson,- of Colorado, for the years 1S81 aod 
J8SS. I>enreTt 18tiS, p. 10. 
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lis measmemeiits computations were made of the daily discharge 
!rom June 20 to August 5. It was found, however, that the act was 
lefective, and further measurement's could not be made until a 
vmedy was provided. During 1882, therefore, no further attempt 
ras made to ascertain the flow of the stream. 

Early in 1883 a site for a gaging station was selected on what was 
nown as McBride's preemption, about one-half mile above the mouth 
f the canyon and 12 miles above Fort Collins. The bowlders were 
amoved by blasting, and the channel was cleared out and straightened 
9 well as was found possible with small expenditure. Gage read- 
LgB were continued during the irrigation season, and occasional 
easorements were made of the velocity by means of an eight- vaned 
teley meter, manufactured by Buff & Berger, the instrument being 
rovided with an electrical registering device. After the completion 
! work at the river station all of the ditches taking water from Cache 
, Poudre Creek in which measuring flumes had been built were 
camined and computations were made as to their capacities at vari- 
18 heights of water. 

In the fall of 1883, after the river had subsided, a remeasurement 
BB made of the cross section of the channel, and it was found that 
lis had changed so greatly as to vitiate the original computations, 
Ithongh these had value as approximations. Propositions were 
lade to the ditch owners taking water from this river that they fur- 
ish the necessary funds to build a permanent measuring flume where 
self-recording nilometer could be installed. By volunteer contri- 
ations the sum of $1,650 was obtained and used in the construction 
F a measuring flume and small house for sheltering the instrument. 
hese preparations were completed in November, 1883. In March of 
le following year the nilometer was placed in position and measure- 
lents of velocity were begun. It was found necessary to use for this 
JxrpoBe a stouter instrument, as the stream was of the character of a 
orent, carrying at times a considerable amount of drift. The instru- 
ent devised, known as the Colorado current meter, has been in suc- 
Msful operation for many years in the turbulent waters of that State.* 
The record was continued through the season of 1885 and 1886.^ It 
as noted at that time that the river has, in common with all moun- 
lin streams, a daily variation quite marked from the flrst of May to 
le last of October. This is due to the rapid melting of the snow in 
ountains under the influence of the sun during the da3rtime and 
le cessation of such melting at night. The greatest variation 
nounted to about 8 inches, or a difference of 1,500 second-feet. 



■ Second Bleiiiii«l Report of the State Engineer of Colorado (E. S. Nettleton), for the years 
ft and 1881, pp. 6-8. The daily discharge was oompated from March 15 to October 16, 1884. 
m rtrndta are shown on pp. 84-91. Thoee for 1883 were not printed. 

■Third TM<*""<*^ Report of the State Engineer of Colorado (E. 8. Nettleton), for the years 
ft and 18B6, pp. 66-57. The daily discharge was oompnted from April U to October 10, 1886i 
d from April 97 to October 17, 1886, pp. 6S-68. 
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Daring Hay the point of maximum discliarge was reached abont 1 
a. m. and the minimum about 7 p. m., the time becoming later as the 
season advanced. By the last of July the maximum flow was ai 1 
p. m. and the minimam at 3 a. m. Occasional storms also increase 
the volume of the stream rapidly, that on the night of May 30, 1884, 
causing it to increase in volume from 3,153 seooad-feet to 6,848 second- 
feet in eight hoars. On Angnst IS, 1884, the river rose a hei^t of 
nearly 5i feet in thirty minutes, subsiding almost as quickly. 

The results of the measurements and computations made dnringl887 
and 1888 were not given numerically, but are expressed graphic^y.' 
For the succeeding years, 1889 and 1890, the station was maintained 
in part by the Division of Hydrt^raphy of the United States Geolog- 
ical Survey. About that time the station was found to be in poor toa- 
dition, the plank flooring, resting on piling, having become bulged and 
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rotted, so as to necessitate its removal. The walls of timber and plank 
gave way, resulting in gradual change of the cross section. Thus He 
resnlte did not possess the accuracy possible while the sectjon wasis 
good order.* 

On June 9, 1891, a heavy flood in the river, occasioned by the brew- 
ing of Chambers Lake dam, destroyed the registering apparatus belong- 
ing to the State of Colonulo, aad auother instrumeut was substituted 
by Prof. L. G. Carpenter, of the Agricultural College at Fort CoUmi' 

■ Fourth BteODikl Report ot the State BagliiMr of Colorado (J.S.Greene) for the reus IfiKud 
1888. Id tiro ports: PL XV. 

iPifth Bleonlal Beportof the State Englueoror Colorado (J. P. Maxwell) tor tbeTewiUWud 
mo. The remlta oT compntaUaiu ot dally discbarge tor IBSe are giren on pace St and those Ic 
1810 on page SB, 

* Siitb Biennial Beport ol the state Gngliieer of Colorado (J. P. Uaxwell) tor the reus U*! ud 
IBK p. IS. Kemlta of the cxnnputatloDS of dally dlecbarge lor INI are gina on pass S. ud 
those for IStS on pa«B 23. Alwi. see Colorado Agrlcnltnral Eiperlment StaUon Balletm Ko. A 
Pmllmlniiif mpnrt jin the dntf of WBter, L. O. Carpenter, p. 22. 
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During 1893 and 1894 the flow of water was reported at the weir in 
the canyon by the automatic register. The results are given in the 
report of the Di^-ision uf Hydrography.* 
the succeeding years, 1>1#.>-I»3, oiN'asioual measurements 
were made under the direction nf Professor Carpenter, but the results 
have not been made public. 

DAILY MEAN DISC'HAR<;E OV CACHE I^\ POUDRE CREEK. 

The following tables of daily moan <li.scharge of Cache la Poudre 
Creek have l)een arrange«l by months for c«invenience of comparison 
of the amount flowing in tliflfTent years. The figures have been 
fcblained from the following s<iurc«'s: 

1881. First Biemiial Report of the State Enjpneer. p. 16. Diacharge computed 
Jnne 20 to Angnst 5. IhnI. 

188SL No measuements were made durinji; this year. 

1B8SL Figores not published, but fuuud in mannscript in the office of the State 

Igfaieer. The discharges from March '^4 to May 3. 1*^>. are only approximate, 
Wng obtained by interpolation, assuming that the cross section did not change. 
Ikom May 4 to Jnly 4, \*9iS. the dLs<;harges are detlnced from gage reading and 
Wb claimed to be close a])proximations. From Jnly 4 to Angnst 20 the amount 
If dacteaae was aasamed to be t wi>-third*( of the amount of decrease per day from 
' Jnly 20 to Angnst 20. 

1884. Second Biennial Reiiort of the State Engineer of Colorado, pp. &-8, 84-01. 
Diathani,** computed from March 15 tn i.ictol^r 16. I'SSt. Figures are also given 
fa the Third Biennial Beiiort. on («ges 61 to 67. 

1885. Third Biennial Repfirt of the State Engineer, pp. 92-6^. Discharge com- 
pnted from April 14 to Octoljer 10. ivO. 

1886. Third Biennial Reix^rt of the State Engineer, pp. ri2-(V^. Discharge com> 
pated from April 27 to October 1 7, l'«^. 

1887. Fourth Biennial Report of the State Ensrineer. Figures not published. 
Urigram on Fl. XV. Dischargees nhown from March 1^ to Oct'iber 23, 1887. 

1888. Fourth Biennial Reiiort uf the State En^dn^r. Figures not published. 
Diagram on PI. XV. Discharges shown from March 14 to Octolier 23, 1888. 

1888. Fifth Biennial Report of the State Engineer, p. 22. Discharge computed 
ttam January 1 to Decemlier :'>!. 1h.h1». 

1800. Fifth Biennial Re]>urt of the State Euidneer, p. 23. Discharge computed 
from January 1 to December 31. I'^l**. 

1801. Sixth Biennial Re|»ort of the State Engineer. Discharge computed from 
Janiuury 1 to December 31 . 1>^1 . 

1803. ffixth Biennial Rei^^rt of the State Engineer, p. 23. Discharge computed 
from January 1 to April 17. and from May I>< to August 16, 1802. 

1803. Progress Report. Bnlletin Unite<l States Geological Survey. No. 131. p. 31. 
Oompntations from May 11 to Au;^i*it -il. Wj:i. 

1804. Progress Report, Bnlletin l'nit».-«l States Geological Survey, No. 131, p. 31. 
Computations frr>m May *J to NovemU-r :i<». 1S94. 

1805. Progress Reimrt. Bnlletin United States Ge^jlogical Survey, No. 140. p. 112. 
monthly discharge only. 

1808. Preliminary figures for May and .Tune. By L. G. Carpenter. 



■ United BtatM Geological Sarrey fiulletin No 131. Report of progr— of the DivWon of 
Hydrognphy for the f Iwider yeen IMS and IHM, p. 31. 
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Eriimaied daily dtacftorge, in gecond-fwt, of Cache la Poudre Crvafc for the m 
of January and F^rruary. 
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EiHmattd daU^ diteharge, in teeond-feet, of Cache la Powin Crede/or Ou mmlk 
of May. 

D«y. ISffl. IXW. IBffi. 1888. \m, ieun. I9«. 



£Mimafed <lailv dischanj^, in lecond-feet, of Cache la Poudre Credcfor the mitl^ 
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ftNmofed daitg ditdutrnc in tecond-feet, of CfuAe la Poudre Onek for tht wmA 
of Augutt. 
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OwaitAMS OF DAILY DISCHARQE OF CACHE U POUDRE CREEK FOR 1890. 1S91, 1B9Z, AND 
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JWimated da^y (iMcAnrnw. in aecand-feet of Cache la Poudrv Creek for the month 
of October. 
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IRRIGATION NEAB GBBELST, COLORADO. 



Ettiinated daHy discharge, in aeeond-feef, of Cadie la Poudr* Creek for tt< n 
of November and Deoember. 
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lA^ ^tdiarge of CkieAe ta Boudrt Ondc from isai to J894. 
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SETTLEMENT IN CACHE LA POUDRE VALLEY. 

During his toar in Colorado, in 1859, Horace tiroeley was impressed 
with tlie belief that the higher lands were adapted to cultivation if 
irrigated. On his return to New York he diBcnssed the matter, and 
with the cooperation of N. (J. Meeker save the proposition great pub- 
licity. The colony plan presented thn>iigh the cohimnsof the Trib- 
une cnlminated in 1870 in the formation of Union Colonj', which, 
■ettling in Cache la Poudre Valley, gave t^n their town the name of 
Greeley.' 

Wlien the colony arri%-ed, it fonnd a few settlers in the valley, who 
had occDpied the bottom land mostly for the pasture and wild hay it 
offered. They had taken out f n)m the Cache la Poudre C'reek a num- 
ber of small canals, which had in itultivation under them, as near as 
can be ascertained, about l.ttW acres. They generally l>elieved that 
the higher bench land lacked fertility, and that it was extremely 
UDwise on the part of the colony people to construct canals for its irri- 
gation. 

UNION COLONY. 

Union Colony, under the leadership of N.C. Meeker and the auspices 
of Horace Greeley, undertook, in the spring of 1870, the settlement of 
the lower end of Cache la I'oiidre Valley, the headiiuarters being 
apon the site of Greeley. The leaders of the colony constructed, as 
quickly as possible after their arrival, a ditch on the south side of the 
oreek, on tbe site of the one that now irrigates the lots in town and 

* flwnod BInmlal Baport at Uw BUta SucIdmt ot Oolando tor tbe T—" UU-M. p. 10. 
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the lands in its vicinity. There were only some 200 acres put into 
crops, bat the ditch was small and poorly constmcted, and without » 
dam at its head in the river to divert the low water into it, so that not 
enough water conld be obtained for this small area. 

This first ditch demonstrated the great fertility of the soil when 
sufficiently moist to enable vegetation to avail itself of ita plant food. 
The original cost was t6,333. It was enlarged three times, in 1871, 
1872, and 1873, and then cost in all, with dam, about t25,000. Ithaa 
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a capacity, by the decree of the conrt, of 173 aecond-feet. In 1894, 
as shown by a table in the State engineer's report, it is credited with 
having only 1,375 acres under irrigation, of which 480 are reported as 
pasture and waste land. This, no doubt, leaves out of account the 
town lots irrigated from this canal, which have a probable area of 300 
acres. The insignificance of the area thus reported as under cultiva- 
tion shows that if this had been all the colony would have been a fail- 
ure OS an agricultural community, and there was no other indnstiy 
for it In this locality to pnrsue. 
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CANAL AND RESERVOIR SYSTEMS. 

A number of canal systems were projected by Union Colony, the 
first of these, or No. 1, never begun, being planned to head in the canyon 
above La Porte and terminate at Crow Creek, covering nearly aU of 
the lands later watered by the two canals known as the Larimer County 
and the Larimer and Weld County canals. Canal No. 2, later known 
as Cache la Poudre Canal, was begun during the fall of 1870.^ Canal 
No. 3 was the town ditch described above. No. 4 was to come out of Big 
Thomx)6on Creek and water the lauds on the bluff south of Greeley, 
now irrigated by the Loveland and Greeley Canal. Thus canals Nos. 
2 and 3 were the only ones constructed under the original plans of 
the colonists. 

A list of the most important canals and ditches is given on page 51 
in connection with the crop statistics of this district. The location of 
the three largest is shown on the accompanying map (fig. 5) and a 
general description of them is given below. These, in geographic 
order, are Cache la Poudre Canal, immediately north of the city of 
Greeley; above this Larimer and Weld Canal; and still above, and in 
a general way parallel, Larimer County Canal. Still further to the 
northwest is also shown on this small map the lower end of North 
Poudre Canal, belonging to the North Poudre Land, Canal, and Beser- 
voir Company, and described on page 58. 

CACHE LA POUDRE CANAL. 

The survey of what was originally known as Canal No. 2 was prose- 
cated during the summer of 1870, and the construction of its whole 
length — 35 miles — was practically completed during the autumn of 
that year and the spring of 1871. It was supposed to be in shape to 
deliver an abundance of water to all the crops that could be got in 
under it for irrigation during the summer of 1872. Some 2,000 acres 
were put in crops, but most of them were burned up for want of water. 
It was a year of scarce supply, there was no dam in the river, and the 
head of the canal ran for a mile and a half along the -edge of a slough 
upon which its lower bank rested, and this bank soon settled so that 
it ooold not hold the passing water. This loss of crops by the most 
enterprising and courageous colonists — men of moderate means— came 
near paralyzing the whole enterprise. 

During the fall of 1871 and spring of 1872 an enlargement was 
made and a dam put in the river. The cost of the first construction 
was about 127,000 and of the enlargement $20,000 more. This year 
the river had an ample supply, and the spring was moist, and hence 
favorable for plowing and the germination of seeds. The result was 
an area planted of some 6,000 acres and fine crops. However, the 
canal was yet quite too small for the 25,000 acres of land under it 
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owned b; coloniste, and two other enlargements were made in 1871 
and 1877, making the total cost up to that date about 987,000. 

The Cache la Poudre Canal — originally Unirai Colony Canal No. 2— 
was the earlieet of the large systems. It was for a long time deemed 
unnecessary to supplement its river supply by a reservoir. However,' 
it was found that in more than one-half the years the river watw' 
gave out before the potato crop was made, and that the farmen 
under it were at a disadvantage as compared with those who hid 




Fio. (.—Hap ot Cache la Pondrs ttenrvoir. 

water from the Larimer and Weld Reservoir, the contents ot which 
were used for the {wtato crop in 1801. In 1892 the farmers under the 
Cache la Poudre Canal commenced to take steps toward bailding a 
reservoir. They found a site (shown in fig. 6) about 4 miles above 
their canal, the contents of which could be emptied into it about 3 
miles below its head, and could be filled by construotiDg a feeding 
canal some 8 miles long and heading in the river just below the tail- 
race of the Linden Flouring Mills, which enters the river at Fort 
Collins, 
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These mills have an early appropriation from the river, dating back 
to 1867, for 93 cubic feet per second. As this claim antedates the 
adoption of the constitution of the State by U years, the courts have 
decided that the provision in that instrument giving claims for water 
for irrigation puri>ose8 a sui>erior riglit to those for mechanical pur- 
posefldoes not apply in this and similar cases, llonce the water of the 
river must be run to the head-gates of the mill canal, however low 
the river is, except for the use of the few canals that antedate it and 
whose heads are above the mill tailrace. Since none of the water is 
consumed in furnishing power to the mills, it does not affect canals 
below it. There is nominally a claim for 401 second- feet prior to its 
claim, but the heads of more than half of the ditches making the claim 
sre below its tailrace and many of the otiiers have been abandoned. 
The most important claim above its tailraee is that of 10 second-feet 
by the Larimer and Weld Canal, but this only antedates it for irriga- 
tion purposes; for storage i)uriHKscs its reservoirs rest on their own 
date, which is 25 years later than that of the mills. The Pleasant 
Yalley and Lake Canal also has a claim of 40 feet antedating that of 
the mills, and this heads above the mill i>ower canal, and hence as long 
as irrigation lasts can take the water, and does in the autumn, when 
it is scarce, to the detriment of the mills. The same is true of Dry 
Creek Ditch to the extent of an appropriation of 12 second-feet. 

While irrigation lasts these three claims greatly disturb the mill 
supply when the river is low, early in spring and late in autumn, and 
hence its proprietors put in steam jiower to use when water is scarce. 
Should they abandon the use of the water altogether, an interesting 
qaeation will be raised con<*erning the legal rights of the Cache la 
Poudre Reservoir to the water which the jHwition of its head-gates in 
the river just l)elow the tailrace now allows it to store to the extent of 
what runs through the mill race, in spite of the fact that its claims to 
water for storage purposes [Histdato nearly all the other important 
lesen'^oirs. These are all supi>lied by canals that head al>ove the tail- 
race, and nearly all — and at times all — the winter supply of the river 
must be allowed to flow by for the mill, and hence for the sole benefit 
of the re8er\'oir we are considering. The nmin reawiu for locating the 
head of their reservoir sujiply canal where it is was to obtain this 
very water, and now, if the mill should abandon its use, who would 
have the right to it? Should it 1k» turned back into the river and be 
subject to the appropriation already made, or should this reservoir 
continue to enjoy the privilege? 

Cache la Poudre C-anal has been conveyed by Union Colony for a 
nominal sum to a new comj)any, (fomjwsed of the farmers owning the 
land and water rights under the canal. The new owners have ex- 
pended about $25,rK;Ni in straightening the course of the canal (shown 
in PI. YI)y constructing i)ermanent dam and head works, and put- 
ting in checks at the head of nearly every lateral. These were 
needed because the slope of 3.2 feet ])er mile was too steep for a canal 
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of UiiB size and reHulted in erosion of the bed and lowering of the 
^ channel. The head works are of stone maBonrj' laid in cement. The 
gates are of iron, and each is conBtructed of an upper and lower sec- 
tion, onl; one of which is moved when the head at the gates is high, 
less power being thus required for lifting. 

The dotf of water under Cache la Poudre Canal has been computed 
by Prof. L. G, Carpenter.' The length of time during which this ean»l 
has been in operation and the consequent long experience of farmers 
render the measurements of considerable value for comparative pur- 
poses. The amount of water taken into the can al was measured daily 
or estimated from a record kept by an automatic register. The 
results given in the following table show a comparatively laiye duty 
if a long season is taken, but, on the contrary, for the month of Jnae 
alone, when water is in abundance, the average duty dropn off rapidly, 
falling to from 65 to 95 acres per second-foot. 
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"The total cost of the canal baa been tll2,000. There are some 300 
80-acre water rights held in the canal and represented by a shan of 
stock for every 10 acres. Each is entitled to a proportionate share ot 
the water in the canal at all stages. It will be seen that the avera^ 
cost of an 80-acre right in the canal was t373J. Such rights, when 
the land nnderthem has become ao wet as not to need irrigation, have 
been selling to parties owning lands lately taken up at the lower 
end of the canal for t2,000 apiece. This price does not include arighi 
to water from the reservoir, which is owned by another company, 
although most of its stock is held by the partioN who owd the canfll. 
Rights to 80 acres in this reservoir were sold in ISitd for t800 apiM*'' 
Placing the cost of the reservoir at (120,000 and the number of rigbl-'^ 
at 300, the cost per right would be 4400, apparently giving a profit rif 
100 per cent on the Investment. Of coarse in all such enterprises for 
a while the capital invested is unproductive. In this case the period 
was not long, since the work was prosecuted with vigor, the reseiWr 
being fit for use one year after its commencement. Those not own- 
ing land have generally been able to rent their reservoir rights At « 
fair interest on the investment. 
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CACHE LA POUDRE RESERVOIR. 

This is the most expensive of all the reservoirs in the valley. In 
the argument before the court the cost is placed at |;125,000. The 
statement obtained from the company gives 1^28,643 for real estate 
for site of reservoir and right of way of supply canal, 8 miles long 
(capacity, 150 second-feet), and outlet canal, 4 miles long (capacity, 
200 feet i)er second) ; also $81,623 for construction, making a total cost 
of ♦110,266. It has by far the longest and highest embankment of any 
of the reservoirs in the valley. At the outlet this embankment is 38 
feet high, the height of water above the bottom being 30 feet. The 
breadth of the base at this place is 300 feet. The inside face has a 
dope of more than 3 to 1, and still the riprapping slides down each 
year on account of the action of the waves. When first laid it had 
a uniform slope from top to bottom, but now the slope is quite 
irregular, through the action of tlie waves moving the rocks and 
washing away the embankment under them. This is of good mate- 
rial, being largely composed of coarse gravel brought from a hill 
near one end by wheel scrapers. The rock for riprapping was 
brought from the foothills by rail to the nearest i)oint, which is 2 
miles off, and thence by wagon. It cost per ton, laid down, $110. 
It is medium-sized, flat sandstone, the refuse of the quarries where 
building and flagging stones are taken out. 

The conduit is but a few feet deep below the level of the natural 
surface, the material of its foundation being a tenacious clay. The 
base is of wide flagstone laid on a grout bedding of gravel, sand, and 
Portland cement. The width is 5 feet inside, walls 2A feet high, 
spanned by an arch 2^^ feet high in center. There are two collar 
walls extending from the masonry of the conduit into the embank- 
ment, to prevent the water from w^orking its way along the connection 
of the earth and masonry. It has shown no signs of weakness at this 
place, but when the reservoir is full the embankment gets quite soft 
throughout. However, it yearly gets less so. It settled 4 to 5 feet 
the first year after the water was turned in, althougli the teams had 
traversed it back and forth witli wheel scrapers bringing the gravel 
and earth from the ends of the All. 

The gates and means of raising them are a novelty, the invention, 
of Mr. Gordon Land. The front of the inlet of the conduit is a steep 
inclined plane, some 20° from the vertical. Tlie aperture is divided 
into two sections by a timber running midway up and down in. the 
plane of the incline, and on the outer edges of it are fastened iron 
plates of about the weight of wagon tire. A similar timber and tire 
are on each side of the aperture, thus forming a double track for two, 
iix>n gates. These latter are each attached to t\vo ^xlet^ee^ which 
IKiid 3. 
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have wheels at their extremities and are brought to bear upon the 
track when the gates are being i-aisetl. 

This is done by means of a wire rope, one end of which is attached 
to a cog-geared windlass placed on the top of the embankment and 
the other end to a lever attached to the axle of the gate, which axle is 
eccentric, so that the movement of the lever causes the wheels to bear 
on the tracks and to roll along it, iust^ead of having the edges of the 
gate drag over the edges of the supports behind it, as in raising the 
ordinary gate. Each rope passes over a pulley placed at the top of 
the incline. It should be further said that the axle and wheels are 
attached to the upper and outer sides of the gates, and the front and 
rear axles are yoked together so that the rope acts on both and presses 
their attached wheels against the tracks in lifting the gates. 

The cost of this reservoir equals that of the canal of which it is an 
adjunct. It furnishes only 5,654 acre- feet, while during the irrigation 
season of 1894 the canal drew from the river 70,610 acre-feet, or more 
than twelve times as much. Hence it is to be said that reservoir water 
is costly. 

At present prices of farm produce it certainly does not pay to store 
water at this cost. Storage reservoirs, even of the most economical 
location, can not as a general rule be profitably employed in irriga- 
tion, except as adjuncts to canals that have for the most part their 
supply from a fairly permanent source during the irrigation season. 
None of the streams in this State except those of the western slope 
hold out in the latter part of the season so as to furnish water enough 
to complete the growth of certain crops, save for a few claimants of 
early rights. The one crop in this valley for which there is need 
of later water than the streams afford is potatoes. Up to 1895 this 
crop has been on an average profitable, even though we have been 
forced to seek a wider market than that of the plains and Rocky Moan- 
tain region. Hence the late development of reservoir construction in 
this vaUey. 

It will be further noted that when a canal is already built, with all 
its laterals and means of distribution, and a reservoir can be con- 
structed so as to deliver its water into it near enough to the head to 
supply the greater part of its customers, the case is very different 
from that of building a reservoir that has to provide all the means 
necessary for the distribution of its contents. This is the case of 
nearly all of the reservoirs in this valley. When that can not be 
done, the exchanges noted on another page effect the same economy 
so far as they can be brought into practice. When, however, the 
relation of the reservoir to the canal is like that of the one we are 
considering, it gives an independence and certainty not to be found 
where the use of the water by its owners depends upon so many 
contingencies. 

As stated on a preceding page, the feeding canal for this reservoir 
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beads in the river .immediately below the tailrace of the Linden Mills, 
at Fort Collins. This location was made for the purpose of securing 
the water from this mill, as intimated above. The destruction of the 
mill has given rise to one of the most perplexing questions in regard 
tio water rights. The mill in its use of water power has proved a great 
detriment to the irrigation of the valley, since in order to turn its 
■wheels it has been necessary to allow the water to pass the head gates 
of all the canals feeding reservoirs except this one. The other parties 
in interest would undoubtedly have purchased the rights of the mill 
and turned the water back into the river to be used for storage in the 
order of its appropriation were it not for the claim of vested rights 
made by this lower reservoir. 

Recurring to the value of this reservoir as an investment, it may be 
said that in spite of the comparatively early appropiiation of water by 
the canal it would not be possible without it to obtain in two years out 
of three sufficient water for the potato crop. The number of sacks of 
potatoes produced under this canal in 1894 was 002,485. During that 
year the crop sacked was worth, on an average, 70 cents per hundred- 
weight. Deducting 5 cents for the cost of the siick and 10 cents for 
harvesting, the net value is 55 cents. The seed and labor cost the 
«ame amount for a half as for a whole crop. We may set down to the 
credit of the reservoir one-half of this crop, which at 55 cents jier 
hundredweight amounts to ^105,083, or a third more than the cost of 
the reservoir. That, however, was an exceptional year, both as to 
product and price. It would be fair to estimate the average crop 
nnder this canal at 500,000 hundredweight, and the average price at 
^ cents per hundredweight. Allo\\ing one-half the crop as due to 
the reservoir water, this would amount to 5iJG2,500, or one-half the cost 
of the reservoir. 

LARIMER AND WELD CANAL. 

The Larimer and Weld Canal takes water from Cache la Poudre 
Creek alK)ve Fort Collins and alxiut 12 miles above the head of Cache 
la Poudre Canal. The total length is stated to be 50 miles, and the 
average bottom width 25 feet. Water is diverted by a wing-crib dam 
l77 feet long and 4 feet al>ove the Ijed of the stream.' The dam and 
head gates are shown in PI. VII. This canal has under it one- third 
of all the land under ditch in the valley and has a capacity greater by 
One-fourth than that of any other. It can take in the average flow of 
the whole river except during the GO days commencing with the middle 
of May. In PI. VIII is given a view looking up the canal to the head- 
gates. Before its final enlargement, which was, in fact, its real con- 
Htruction, there was nominally appropriated 2,735.87 cubic feet per 
Becond, this l>eing more than the average flow of the river for any one 
month. The older canals <'ould not use so much water as this, but 
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could take so much that during years of scarcity this canal could at 
no time receive a full head. Every year the supply fell to its second 
appropriation of 19 feet before the time to irrigate potatoes, which 
up to 1895 was the best-i>aying crop. 

LARDCER AND ^^ELD RESERVOIR. 

An excellent site for a reservoir was found at a point a mile and a 
half north of Fort Collins, about a quarter of a mile above the canal 
and only 2 miles from its head. This could be supplied from two 
small canals above the T^rimer and Weld, the bottom of the reser- 
voir being only 2 feet above that of the canal. This site is a natural 
basin, in which, when filled to the lip of the lower rim, the surface of 
the water would be 25 feet above the bottom of the outlet, and which, 
it is estimated, would contain 350,000,000 cubic feet or 7,700 acre-feet. 
The canal company did not wish to undertake this work, but per- 
mitted the farmers who held contracts for water from it to take the 
site which it had survejed. These farmers represented water rights 
covering 15,000 acres. They formed a company known as the Lari- 
mer and Weld Reservoir Company, proceeded to condemn the site 
and procure the means of feeding it. 

The following are the principal items of exjiense and relate to in- 
struction to hold a depth of 25 feet: 

Sunreying and engineerlDg. . . $2, 870 

Land and rights for water 13, 768 

Ck)n8truction 21, 796 

Attorneys* fees 5, 796 

Court exxienses 2, 313 

Miscellaneons 18, 240 

Total 64,782 

It will be seen that only about one- third the expenses was for con- 
struction, not including surveying and engineering. In fact, no 
considerable embankment had to be made for that depth. An inlet 
canal was of necessity built from Dry Creek, which was its feeder, 
this in turn being supplied by two small canals in which a right of 
carriage had been purchased. The expenses of construction were 
increased from the fact that a wooden conduit wjis put in at first. 
The parties living under the reservoir deemed it unsafe. This neces- 
sitated its removal and the substitution of a cement and rock conduit, 
costing about $5,000. The quantity of land originally purchased was 
some 700 acres. This, with the right to run water through the inlet 
ditches, cost about one-fifth of the whole. 

In 1895 the company resolved to increase the capacity to a depth of 
30 feet. This required the construction of a bank over 2,0(X) feet long 
on the top, and this, with the additional land to bo purchased, added 
to the cost 125,000 more, making the total cost about $90,000. This 
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iddition of 5 feet to the upper surface increased the cubic contents 
)y one-half. However, in being measured out over a weir, the reser- 
voir does not come up to tlie estimated cai)acity by one-third. In 
'act, on drawing the water down from a depth of 20J feet to 4 feet a 
content of only 325,000,0(X) cubic feet was given. This discrepancy 
)etween the capacity estimated from depth and contour, and measured 
18 above is true of all other reservoirs in this valley that have been 
«sted in the same way. The weirs are not (*onstructed so that the 
Prancis formula will apply to them, but they are rated b}' a current 
neter at different dejiths, just as the weirs in the canals are measured 
to find their intake from the river. 

The ac<?ompanying views, Pis. IX, X, XI, illustrate the embank- 
ment and outlet of this reservoir. Thc^ first (PI. IX) is a view from 
the inside of the reservoir after the water has been drawn off. . The 
•ectangular mass of masonry in the center is the wall of the well 
vhich surrounds tlu^ space where the gates an* placed. Its interior 
Umensions are 6 feet by 10 feet. The wall is 3 fe<*t thick and is com- 
posed of hea\'>' rubble masonry laid in PoHland cement and connected 
rith flanking walls. 

The next view (PI. X) showsthe lowersideof the outlet of thereser- 
oir. In the middle is the heavy lower retaining wall, extending only 

portion of the way up the embankment. The latter was constructed 
f earth, \*ith a slox)e of 1| to 1. At the right are i)osts standing at 
arious angles. These were driven into the ground to keep the earth 
rem slipping into the canal below the masonry, as it was tending to 
o after l>ecoming moistened by percolation from the water in the 
eservoir. The next view (PL XI) is at the lower end of the outlet 
anal of the reservoir where it discharges over the weir into the Lari- 
aer and AVeld Canal. 

On account of the exchanges which are being made for river water 
t will be apparent that a high degree of accuracy of measurement is 
lesirable, or at least that the wime system of measurement should 
obtain in measuring the outflow of the reservoirs and the intake of 
lanals, and this is attempted; but those who have studied and experi- 
nented most on measuring water under ordinary and diverse condi- 
ions l)est know how diflicult it is to obtain accurate results. 

The large expenditure in litigation was brought alx)ut by the fact 
hat after the reservoir had been ccmstructed by the farmers the 
*anal company refused to allow them to run the reservoir water in 
he canal. The farmers had contracts with the company to furnish 
hem so much water, but they were not stockholders in the company, 
rhe contracts also provided that the holders of these contracts should 
become stockholdera after the company had sold water rights to the esti- 
nated capacity of the canal to furnish water. But this limit, which 
wsLa 500 eighty-acre water rights, had not been reached, and more- 
>Yer these same farmers had gone into the courts asking an injanction 
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prohibiting the company from selling any more than the 370 rights 
that then had been sold, since there was a provision in the contracts 
that in times of scarcity the water was to be prorated with all the 
rights sold and in force. It was contended that the company had sold 
more than it could furnish, this word applying equally to the water 
to be obtained from the river and to the capacity of the canal to carry. 

This case has been in court some five years. The company won in 
the district court and in the court of appeals, while these decisions 
were reversed in the State supreme court, which sent the case back 
for trial again in district court, which gave the farmers their case, as 
instructed by the upper court. However, there seemed to be another 
apx)eal to the supreme court, the company meantime being restrained 
from selling any more water rights until the case is finally adjudicated. 
The expenses of this case, as well as that concerning the reservoir's 
own suit, were paid by the reservoir company, and hence swells the 
account on this score. 

As regards its own suit to compel the company to carry the water, 
an order to this effect was obtained from the county court of Weld 
County, which was, nearly as soon as given, countermanded by a 
judge of Arapahoe district court in the absence of the judge of this 
district; but upon hearing before this same judge, he reversed his own 
decision, and the farmers were allowed to carry their reservoir water 
in the canal of the company. 

This was allowed partly on account of a statute of the State provid- 
ing that a canal already in existence, and having the capacity and 
proper location to carry the water of a party not an owner of the 
canal, must carry it, and so prevent burdening the real estate with 
parallel canals, which were becoming a nuisance before the enact- 
ment of this law. In the present instance, if the farmers had been 
forced to build a canal to distribute their water, it must have been 
either immediately above or below a canal some 40 feet wide, and if 
above, they would have to flume across this canal wherever there was 
a lateral, the laterals being the property, in part at least, of the 
farmers who had lands under them. These laterals were as frequent 
as one a mile. On the other hand, if below, they would have to flume 
the reservoir's canal over each of these laterals, in fact, making a mon- 
strosity of construction, a monument of human perversity and folly. 

Of course, although the canal in an equitable sense belonged to 
each farmer in proportion to the quantity of water he had purchased 
to be delivered through it to his land, still legally the canal belonged 
to the canal company, and what the reservoir people got was a tem- 
porary easement for the use of the canal when there was but little or 
no water in the river to which the canal was entitled, and for this 
temporary use they were expected to pay. Another suit in court fixed 
the amount, which was made low by the jury, no doubt on account of 
the virtual part ownership of the farmers in the canaL 
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They had paid, on an average, 41,000 apiece for each 80-acre water 
right, which was to be 1.44 cubic feet per 8(H?ond when there was water 
enough in the river. Taking out some 30 preferred rights granted 
the owners of the old ditch, there were in force some 340 of these 
rights, for which the company had receive<l ?«340,OOO, whih» the con- 
struction of the canal had not cost more than 35{15(),(XX). It was a part 
of the contracts with the farmers that they shouhl become shareholders 
in the company as scK)n as the estimated capacity of the canal had 
been reached. Jiut this question was in court, and, as we saw above, 
has been decided in favor of the* farmers, namely, that it had been 
reached at the time they enjoined the company from further sales of 
water rights, l>ecause the deficiency of water in the river during the 
ordinary irrigation season prevented the company from IxMug able to 
furnish. The ambiguous phrase ** capacity to furnish" was at last, 
and by the highest court, construed against the compan\', which was 
the drawer of the instrument, in accordance with the general practice 
of the courts. 

LAKE LEE. 

At the time the order of the county court was issued to allow the 
reservoir people to take i>ossession of the <'anal and run their water 
through to those entitled to receive it, there was running in the canal 
some 19 cubic feet of water per second belonging to its old appropria- 
tion. This was l)eing stored in a reservoir named " Lake Lee," an 
expansion of the canal si>me 15 miles Inflow its head. Its area is 
about 90 acres, and a depth of !♦ feet can be drawn off when it is filled 
to the limit of height. When the water of the reservoir was turned 
into the canal, it mixed with that carried by the canal for the benefit 
of all consumers, while those owning and entitled to reser\*oir water 
were about one-half of the consumers. The order of the court there- 
fore put the canal for certain-named days wholly in the hands of the 
reservoir people, under the i>enalty of damages to the other consumers. 
The writer was put in charge of the reservoir and canal at these times 
and until more amicable relations were n»stored. The plan adopted 
was to carefulh' measure the height of water in I^ke Lee at the time 
the resen'oir water reached it, and then to make an estimate as to the 
height to which the quantity in the canal would fill it during the days 
the reservoir water was 1mm ng run. When the run was about finished^ 
the outlet gates of Ijikc Lcc were shut, so that there would be fn it 
for all consumers what it was estimatCMl would have Iwen in it if the 
reser\'oir water had not \hh*\\ run. Tlie in.st ructions of the reser\-oir 
managers were to Ik* sun* and err on the side of lea\ing enough in 
Lake Lee, and the result was that no damages were claimed by the 
other consumers for loss of water by the i»peration of the canal by 
the reservoir company. PI. XII shows the Larimer and Weld Canal 
at Lake Lee gates. 
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WINDSOR RESERVOIR. . 

It will be observed that this reservoir water was the property 0! 
about one-half of the eonsamers under the Larimer and Weld, and 
hence that only in the few cases where the others rented did they 
enjoy the use of the water. As a consequence, only those having 
reservoir water made a potato crop. Those outside of the reservoir, 
of whom the leader was B. H. Eaton, the owner of some 15,000 acres 
under the canal, undertook the construction of a reservoir for them- 
selves. There is an excellent site for a reservoir some 25 miles from 
the head of the canal and close to it. The bottom of the canal at 
this point is about 50 feet above that of the reservoir. It has been 
filled to the depth of 28 feet and the water stored in it has been used 
for three years by means of the system of exchange before described. 
The cost of the reservoir up to date has been, as itemized by Mr. Eaton, 
as follows: 

Land $20,000 

Condemnation and attorneys' fees 5, 000 

Ontlet and inlet, the latter consisting mostly in enlarging the 

Larimer and Weld Canal from river to reservoir inlet 10, 000 

Surveying 1,000 

Conduit and embankment 16,000 

Total 52,000 

The owners expect to expend 123,000 more to make it hold 12 feet 
more, or a depth of 40 feet of water at the conduit. This will be 
expended partly on the main canal, to enable it to take in fiood water 
from the river for storage, and partly on the embankment. AVTie^ 
the water is raised to the height of 40 feet, it is estimated the reser- 
voir will hold 1,000,000,000 cubic feet. 

The work on the embankment near the outlet conduit is in a very 
incomplete state, as will be seen from the accompanying view, PL 
Xm, taken from the inside of the reservoir when the water was drawn 
off. This shows the masonry in front and over the stone arch which 
forms the outlet. The gate, which is about 4 feet by 5 feet, is raised 
by a screw and lever. There is no Hank masonry nor rock riprapping 
to protect the earth embankment. Such protective works were 
attempted by use of posts, poles, wire, and straw, but, as seen in the 
view, these were wrecked b}^ the waves. 

The conduit is of masonry laid in Portland cement; the bottom is of 
large, thick flagging stones procured in the foothills; the sides, 3 
feet high and 4 apart, are crowned with an arch 2 feet high in the 
center; the walls of sides and arch, 2 feet thick, are of rubble 
masonry, resting upon the soft shale rock, which has between it and 
the flagging that forms the bottom some 6 inches of concrete made 
of gravel, sand, and Portland cement. There have been no signs of 
leaka/^e along the surface of the conduit, but there is a tendency to 
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iak just above the shale into the outlet ditch below the end of the 
lasoniy of the conduit. 

After the water has been raised in this and similar reservoirs the 
verlying clay becomes softened and sloughs off into the outlet canal. 
Ws was the occasion for great fear on the part of the people living 
nder the T^rimer and Weld Reservoir during 1895. A score or more 
f families abandoned their houses one rainy night when the reservoir 
as full and looked threatening. It is now proposed to wall up the 
Qtlet canals below the mason rj' conduits with a drj' stone wall filled 
ehind with gravel, which will allow the water to leak through while 
prevents sloughing off. 

When the Windsor Reservoir is complete it is planned to draw off 
le water at two levels, the one at the bottom, now in use, and another 
k a level 20 feet higher and distant 2()0 feet. The water from the 
pper outlet will be dropped into the same canal that is now used for 
le bottom level. Tlie reason given fortius is ease of management of 
ie gates, which would be hanl to raise under a pressure of 40 feet. 

LARIMER COUNTY CANAL. 

Larimer CJounty Canal is to the north of and in general parallel 
ith the Larimer and Weld Canal, covering a strip of land above the 
-tter. It heads on Cache la Poudre Creek, about 8 miles higher up, 
at for its water supply this canal lias for the most part been depend- 
it upon a system of reservoirs, since it is the latest of those of large 
ze in the valley, ]>eing preceded l)y 00 claims, aggregating 4,082.65 
scond-feet. In orrler of priority it follows third after the North 
ondre Canal and Reservoir Company, there being two claims of 
57.40 feet between. By its head in the main river, however, it obtains 
kte water whenever, at rare intervals, there is Any. 
This canal was built by residents of the valloj^ who, though having 
le evidence of a deficiency of water before them, yet hoped that the 
Qusnally large supply of previous years would prevail in the future. 
hey overestimated not only the supply obtainable for storage in res- 
rvoirs, but also the land that could ]>e sufficiently irrigated from a 
iven amount of water. Hence it may l>e said That until the last two 
ears farming under this canal has been a series of failures. This 
)mpany has on the plains six reservoirs fed by the canal. Of these 
wo are important, Long Pond and Rocky Ridge. These have a 
nited capacity of 340,fX^J,(XX) cu])ic feet, or 7,500 acre-feet. The total 
tiorage capacity of all its reservoirs claimed is 480,000,000 cubic feet, 
r 10,560 acre-feet. 

CHAMBERS LAKE RESERVOIR. 

A company known as the Larimer County Reservoir Company placed 

dam in the outlet of Chambers Lake, a natural storage baain near 

he head waters of the Middle Fork of Cache la Poudre Creek. The 
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irrigators interested in the waters of this stream, fearing a scarcity 
of supply, commenced suit on the ground that the statute gave only 
the right to take water from a stream and store it, and not to place a 
storage dam in the stream itself. The dam, however, was constructed, 
but on June 9, 1891, it broke, letting the contents of the reservoir 
sweep down the channel of the river and inflicting much damage upon 
the farms situated in the narrow mountain valley. Passing through 
the canyon below the valley, it overspread the lower bottom lands, 
carrying away bridges, the force gradually diminishing as the mouth 
of the river was reached. 

The x>arties injured sued and recovered damages, and as the reser- 
voir company had no property but the destroyed dam, suits were 
brought against the Larimer Canal Company, on the ground that since 
it had been renting the water and was the controlling factor of the 
reservoir company it should be held responsible. It was held that 
any one placing a dam in a natural stream was responsible for injury 
resulting from its destruction. 

The irrigators of the valley as a rule were not displeased to have 
this dam destroyed, as it was generally believed that water was 
unjustly taken from the river. The dam being 70 miles above the 
gaging station, out of the reach of the river commissioner, and wholly 
in charge of employees of the canal company, it was impossible to 
verify this belief. The experience gained here justifies the statement 
that no structure of this kind should be built except under State 
supervision or in accordance with regulations prescribed by the State 
engineer, such as will insure absolute safety in the building and man- 
agement of dams, especially those upon the main drainage lines. 

SKY LINK DITCH. 

In 1892 the company owning the Larimer County canal ivai leor- 
ganized under the name ''Water Supply and Storage CoBrgmof^Md 
during the next year undertook the work of building a dltoiltfinre 
Chambers Lake for the purpose of diverting into Cache Ift fuidre 
Valley w^ater from the upper feeders of the Laramie River, a taXfjiiivy 
of the North Platte. This ditch, shown in Pis. I and XIV, fimitte 
graphic name of the ''Sky Line," as it is about 10,000 feet in ^WliSe. 
It is 5 miles long, has a capacity of about 100 second-feefc, liiidHDOSt 
$90,000. The work was practically all in rock, with bat HttleiAm- 
ing. In places it was necessary to build a bench of timber to fliqyport 
the lower bank, which is "mostly of rock. 

The Sky Line ditch takes water from streams so high up "QmA it 
receives no supply until about the middle of June. The rivjJBT jbta- 
missioner estimates the amount delivered in 1895 at 650.000.000 wbic 
feet, or 14,300 acre-feet. During the season when water is beiiljl too 
the company keeps three men on this short canal to maintatn &i]i4 
to regulate the flow at the head so as to get as much water as poaiiUe. 
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Ls it is 70 miles above the gaging station, tlie river commissioner can 
lot visit this canal to ascertain how much it is furnishing the river, 
,nd must depend upon the reiwrts made by mail three times a week 
>y the party in charge. When it has a full sui>ply it furnishes a]x>ut 
00 feet, but later, by the 1st of September, it sinks to 25 feet. Dur- 
ng 1894 and 1895 the water from the Sky Line ditch and that stored 
Q the reservoirs has been practically all the supply the Larimer County 
]^anal has had, and fair crops have Ix^en made. The capacity of the 
ianal on the plains is said to bo 460 feet, but it is apparent that it has 
mly a sure supply of 100 feet besides the reservoirs, the contents of 
rhich are now used before the water fi-om the Sky Line is available. 

Since the reservoirs l>elonging to this canal are filled from it, the 
^ater, being at a lower elevation, can not run back and be distributed 
>y means of it. Hence other distributing canals would need to be 
>uilt and could supply' water only to the lower lands. Instead of 
ihis, a system of exchange with the river has been adopted through 
jhe consent of all parties and in accordance with a ruling by the Stato 
engineer. This may be effected either by dropping the water of the 
reservoirs back into the river for the use of canals below, which are 
sdl older, or it may be accomplished by running the reservoir water 
directly into either the Larimer and Weld or the Cache la Poudre 
Canal when either is entitled to water. An equal amount is then 
claimed from the river. Not only do the reservoirs of this canal make 
this exchange, but also those filled from the Larimer and Weld Canal 
next below. This Tcceives the river water of the Cache la Poudre 
Canal, which is just l>elow and also older. This exchange has worked 
well and is a great saving of expense in construction of distributing 
canals. It also renders the water available for all the lands that the 
canal can reach. 

The reservoirs of the Larimer County Canal Company have not 
been very exiKjnsive to construct, as but little or no embankments 
have been made. The conduits from the two principal ones are made 
of rock, the bottom and cover of large, thick flagstones, with joints 
filled with cement mortar, and the sides are of rubble masonry laid in 
cement. Tlie largest two can be filled to 30 feet, and the gates are 
raised by a screw. Each cost for construction alx>ut $10,000 and 
12,000 for right of site. 

APPROPRIATIONS FROM CACHE LA POUDRE CREEK. 

In addition to the three canal systems described above there are 
in all about 25 other canals and ditches taking water from Cache la 
Poudre Creek, most of these being relatively small. Without describ- 
ing these it will be recognized that the apportionment of water among 
all these canals and ditches must be a matter of extreme difficulty. 
It is farther complicated by the fact that many of these have more 
than one appropriation, so that although a list of the ditehe& «& ^^ 
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on pages 51-52 shows only 28, there have been up to 1888 as many as 
104 separate appropriations of water from Cache la Poudre Creek and 
its tributaries, these being due to the amount of water claimed at the 
original construction and by the several enlargements, especially of 
the older ditches. The matter is fully set forth in the following table 
taken from the State Engineer's Report for 1888: * 

Appropriations from Cache la Poudre Creek, 



Order 
oiuri- 
ority 
tindja- 
trict. 



1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 



Name of ditch, canal, or reser- 
voir. 



Yeager 

Watroofl, Whedbee & Sec- 

ord 

Dry Creek , 

Pleasant Valley and Lake . 

Pioneer 

Boyd & Freeman 

Whitney 

Yeager (npper branch), 

first enlargement _ 

B. H. Eaton 

Larimer and Weld 

Pleasant Valley and Lake, 

first enlargement 

Pioneer, first enlargement 

John Q. Coy 

John R. Brown 

Box Elder 

Chamberlin 

Taylor & Gill 

B. H. Eaton, first enl 

Watrous, Whedbee & Sec- 

ord, first enlargement . 
Boyd & Freeman, first enl. 
Larimer and Weld, first enl . 
Mason & Hottell mill race . 

Box Elder, first enl 

Wm. R. Jones 

Josh Ames 

Martin Calloway a 



Date of appro- 
priation. 



Jane 1,1860 



Jnne 1 
June 10 
Sept. 1 
Mar. 1 
Mar. 15 
Sept. 1 

Jane 1 
Apr. 1 
June 1 



Jnne 

Sept. 

Apr. 

May 

Mar. 

Apr. 

Apr. 

Jnne 



10 

15 

10 

1 

1 

1 

15 
1 



July 1 
July 15 
Apr. 1 
Apr. 15 
May 25 
Sept. 1 
Oct. 1 
Mar. 1 



1861 
1861 
1861 
1862 
1862 
1862 

1863 
1864 
1864 

1864 
1864 
1865 
1865 
1866 
1866 
1866 
1866 

1866 
1866 
1867 
1867 
1867 
1867 
1867 
1868 



Cabicfeet 
oC water 

Sertfeotrnd 
ecreed to 
each prior- 
ity. 



24.80 

1.44 
11.67 
10.97 
12.92 
66.05 
48.23 

8.70 

29.10 

3.00 

• 

29.63 
16.67 
31.63 

8.00 
32.50 
14.83 
18.48 

3.33 

4.33 

9.00 
16.67 
93.07 

8.33 
15.52 
35.92 
15.22 



Summation 

of decree to 

each ditch, 

canal, or 

reservoir. 



Cabicfeet 
of water 

previoaaly 
appropri 

ateain 



dis- 



trict. 



33.50 



40.60 
29.59 



32.43 






75. a5 
19.67 



40.83 



24.80 
26.34 
37.91 
48.88 
61.80 
127.85 

176.08 

184.78 
213.88 

216.88 
246.51 
263.18 
294.81 
302.81 
335.31 
350.14 
368.62 

371. fti 
376.28 
385.28 
401.95 
495.02 
503.35 
518.87 
554.79 



> Fourth Biennial Report of the State Engineer of (Colorado for the years 1887 and 1888, pp. 14^ 
J49, 250. 
a 3Uc0v wAter from Boxelder Creek. 
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pn- 



Name of ditch, canal, or reser- 
voir. 



Noah and Philo Bristol 

(lower) a.... 

CaSon Canal Co 

WatrouB, Whedbee & Sec- 

ord, second enl . . 

Box Elder, second enl 

Irrigating Ditch Co 

Fort Collins 

New Mercer Ditch Co 

Noah and Philo Bristol 

(npper)a 

Canal No. 3, Union Colony. 

Dry Creek, first enl 

Cache la Pondre Co 

Fort Collins Irrigating, 

first enlargement 

Bnmham & Emerson b 

Wm. Calloway No. 1 c 

MDl Power 

Fletcher 

Whitney, first enl , 

Cache la Pondre Co., first 

enlargement 

Larimer and Weld, second 

enlargement 

Canal No. 3, first enl 

New Mercer Ditch Co., 

first enlargement 

Chaffee Irrigating 

New Mercer Ditch Co. , sec- 
ond enlargement 

Canal No. 3, second enl 

Pleasant Valley and Lake, 

second enlargement 

Fort Collins Irrigating, 

second enlargement 

B. H. E^ton. second enl . . . 



Date of appro- 
priation. 



Mar. 10 
Mar. 15 

Jane 1 

July 1 

May 1 

Jnne 1 

Sept. 1 

Mar. 1 
Apr. 1 
Oct. 21 
Oct. 25 



Apr. 1 

do 

May 1 
July 1 
Sept. 1 
Sept. 10 



Sept. 15 

Sept. 20 
Oct. 1 

Oct. 10 
Mar. 15 

July 1 
July 15 

July 19 

July 20 
July 25 



1868 
1868 

1868 
1808 
1869 
1869 
1869 



1870 
1870 
1870 
1870 

1871 



1871 
1871 
1871 
1871 

1871 

1871 
1871 

1871 
1872 

1872 
1872 

1872 

1872 
1872 



Cubic feet 
of water 
per second 
decreed to 
each prior- 
ity. 



15.22 
8.60 

4.33 

11.93 

60.08 

1.67 

4.17 

14.83 

52.00 

14.42 

110.00 

31.66 
26 

21.05 
160 
63.16 
12.95 

170 

75 

41 

8.33 
22.38 

15 
63.13 

16.50 

33.33 
9.26 



Summation 

of decree to 

each ditch, 

canal, or 

reeervoir. 



10.10 
52.76 



26.09 



33.33 



61.18 

280 

94.67 
93 

12.50 



27.50 
156.13 

57.10 

66.66 
41.69 



Cubic feet 
of water 

previooaly 
aporopri- 

ateaindis 
trict. 



570. 01 
585.23 

593.83 
598.16 
610.09 
672. 17 
673.84 

678. 01 
692.84 
744.84 
759.26 

869.26 
900.92 
926.92 
947.97 
1,107.97 
1,17L13 

1, 184. 08 

1,354.08 
1,429.08 

1,470.08 
1,478.41 

1,500.79 
1,515.79 

1,578.92 

1,595.42 
1, 628. 75 



a Takes water from Bozelder Creek. 

6 Takcfs water from Lone Pine Creek. 

c Takes water from north fork of Cache la Pondre Creek. 



^ 
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Appropriations from Cache la Poudre Creek — Contmiied. 



Order 
of pri- 
ority 
in du- 
trict. 



54 
55 
56 



57 



58 
59 
60 
61 
62 

63 
64 
65 
66 

67 
68 
69 
70 

71 
72 

73 

74 
75 
76 

77 
78 
79 
«0 
81 
82 



Name of ditch. 
Toir. 



or peeer- 



Lake Canal 

Wm. S. Taylor 

CaSon Canal Co., first enl . 
Larimer Connty Canal, 

No.2 • 

Irrigating Ditch, first enl. . 

Canal No. 3, third enl 

Aqnilla Morgan a 

BrownNo. 16 

Boyd & Freeman, second 

enlargement 

Brown No. 26 

Stmdevant No. 1 c 

Stmdevant No. 2 c 

Fort Collins Irrigating 

Ditch, third enl 

Dry Creek, second enl 

Vandewark 

Brown No. 3 6 

Mitchell & Weymonth 

No. Id 

Andrew Boyd et al. 6 

Cache la Pondre Co. Canal, 

second enlargement 

Larimer & Weld, third 

enlargement 

Wm. Calloway No. 2 a 

Witzler et al. d 

Warren Lake Beservoir 

(see. 56) 

Brown, No. 4a 

Kitchel& Ladd 

Brown, No. 5 a 

Brown, No. 6a 

Witzler et al., first enl. d _. 
Brown, No. 7a 



Date of appro- 
priation. 



Cable feet 
of water 

SBraeooiid 
ecreedto 
each prior- 
ity. 



jSunimation 
of decree to 
i each ditch, 
or 



Nov. 1 
Mar. 15 
Mar. 20 

Apr. 1 
May 1 
May 15 
Jnly 1 
do. 



Ang. 1 
Aug. 15 

do 

Aug. 20 

Sept. 
Sept. 15 
May 1 
May 15 

do 



Nov. 1 

Nov. 10 

Jan. 15 
Jan. 28 
Mar. 22 



Apr. 15 
May 
Oct. 
June 1 

do 

Mar. 1 
June 1 



1872 
1873 
1873 

1873 
1873 
1873 
1873 



1873 
1873 

1878 

1873 
1873 
1874 
1874 



1874 

1874 

1875 
1875 
1875 

1875 
1875 
1875 
1876 



1877 
1877 



158.35 
28.60 
48.88 

175 

20.43 

16.65 

17.65 

9.38 

24.23 

3.82 

10.66 

10.66 

68.28 

12.18 

10.17 

8.82 

17.85 
15.03 

184 

54.33 
14.16 
10.36 



6.72 

2.95 

6.72 

6.72 

3 

2.85 



Cabicfeet 
of water 

previondj 
appropn- 

atea in dis- 
trict 



57.48 



82.50 
172.80 



99.28 



129.94 
38. S8 



464 



149 



13.30 



a Takes water from north fork of Cache la Poudre Creek, 

b Takefl water from Pish Creek- 

c Takes water from Boxelder Creek. 

4 Takes water fro mLouo Pine Creek. 



1,638.01 
1,796.36 
1,824.96 

1,873.84 

2,048.84 
2,069.26 
2.085.91 
2,103.56 

2,112.94 
2, 137. 17 
2,140.49 
2,151.15 

2,161.81 
2,225.09 
2,237.22 
2.247,89 

2,250.71 
2,268.06 

2,283.09 

2,467.09 
2,521.42 
2,535.58 



2,545.94 
2,552.66 
2,555.61 
2,562.33 
2,569.0.") 
2, 5?2. 03 



/ 
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Appn^priaiwnB from Cache la Poudre Creek— CotnUnxkod, 



ler 
iri- 

U,. 

ct. 



i 

s 

r 

1 

3 

3 
4 

5 



B 

D 

1 
3 

3 
4 



Nune of ditch, canal, or reser- 
Toir. 



I 



Cache la Pondre Co. *8, third 

enlargement 

Henry Smith 

Abram Washbnm, No. I . . . 

BobertSf No. la 

Bozelder Reservoir Co. b 
Larimer and Weld, fourth 

enlargement 

Carter Cotton mill race . . . 
Abram Washburn, No. 2. . 

Dry Creek, third enl 

Pleasant Valley and Lake, 

third enlargement 

John McKay et al. a 

Fisk,No.2a 

Carter Cotton mill race. 

first enlargement 

Mitchell& Weymonth, No. 

" 2c 

North Pondre Land, Canal 

and Res. Co. a 

New Mercer Ditch Co., 

third enlargement 

Chase a 

Ljuimer Connty 

Eagle Ranch a 

Pleasant Valley and Lake, 

fonrth enlargement 

Emerson Bros, c 

Roberts, No. 1. first enl n . 



Dato of appro- 
priation. 



Sept. 15, 1877 
Apr. 1,1878 
Apr. 15,1878 



t!o 



_ . June 18, 1878 



Sept. — , 1878 
Apr. 1,1879 
Apr. 15,1879 
July 15,1879 

Aug. 18, 1879 
Sept. 1,1879 
Dec. 1,1879 



Dec. 31,1879 

Jan. 19,1880 

Feb. 1,1880 

Feb. 15,1880 
July 7,1880 
Apr. 25,1881 
Oct. 1, 1881 

Oct. 10,1881 
Apr. 15,1882 
Sept. 1, 1882 



Cubic foet 
of water 

Ser second 
ecreed to 
eac:h prior- 
ity. 



Summation 
of decree to 



Cubic feet 
of water 



each ditch, P'JIl^SSy 



canal, or 
reservoir. 



121 
7.23 
9. .•>7 

•). iU 

17.50 I 

I 
I 

571 . 

127. 30 
15. 43 ' 
12.70 

80.83 

3.40 

10.28 

37.17 

16.27 

315 

130 
21.40 
469.80 
5.02 



29.88 
t/4.09 



585 



appropri 
ateo in dis- 
trict. 



720 



50. 92 



137.93 



164.47 



163. 50 



2, 574. 90 
2, 695. 90 
2, 703. 13 
2, 712. 70 
2, 718. 37 

2, 735. 87 
3, 306. 87 
3, 434. 17 
3. 449. 60 

3, 462. 30 
3, 543. 13 
3,546.53 

3,556.81 

3, 593. 98 

3, 610. 25 

3,925.25 
4,061.25 
4, 082. 65 
4, 552. 45 



4,602.65 
4,632.53 



Taken water from north fork of Cache la Poudre Creek. 
Takes water from Bozelder Creek. 
Takes water from Lone Pine Creek. 

Up to 1H07 only two changes have been made in this table. The flrst is in the redaction of 
1, Teaser Ditch, f rr>m 34.80 cubic feet per tM.*cond to 3 cubic feet per Hecond. The second is a 
Dge in the order of priorities, by which No. KN), Larimer County Canal, becomes 07 and old 
K, and 90, become, respectively, 99, 99, and 100. 

The above table is worthy of especial notice, since it is the guide 
r the district water commissioner in his distribution of water, 
hen an earlier appropriator of water has less at his head gate than 
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he needs, and when he believes that some later appropriator farther 
up the stream is getting water to which he deems himself entitled, he 
notifies the water commissioner, usually by telephone, of the situation, 
and if the commissioner deems his complaint well grounded. No. 104 is 
shut off, then 103, and so on up the list until the deficiency is remedied. 

It will be seen that some of the canals have several enlaigements, 
each of which stands upon its date of construction, as deeieed by the 
district court. Cache la Poudre Company's Canal— Hniginal name, 
No. 2, of Union Colony — is an example. The original ciHistructioii, 
No. 37, dates back to October 25, 1870. It is credited with a capacity 
of 110 second-feet, but there were 36 claims on the river pxeoeding it, 
demanding in the aggregate 759.26 second-feet. The first enlarge- 
ment. No. 44, dates from September 15, 1871, and is credited with 170 
second-feet, which at that date made its total capacity 280 second- 
feet. At that time 43 claims preceded it, with an allowance of 1,184.08 
second-feet. The second enlargement, No. 72, dates from November 
10, 1874, and is credited with 184 second-feet, makingin all 464 second- 
feet. This enlargement is preceded by claims for 2,283.09 second-feet. 
The third enlargement. No. 83, dates from September 15, 1877, and 
calls for 121 second-feet, making in all 585 second-feet, being preceded 
by claims for 2,574.90 second-feet. 

The capacity of the river is such that if all these claims were valid 
there would be scarcely enough water to allow this canal its last 
appropriation, much less the Larimer and Weld for its fourth enlarge- 
ment. No. 88, or 571 second-feet, its principal appropriation, but which 
is preceded by claims for 2,735.87 second-feet, which exceeds even 
the average June supply for every year on record excepting 1883, 1S84, 
and 1885. 

The third irrigating system in point of size is the Larimer County 
Canal. It is appropriation No. 100, and the canals preceding it call 
for 4,082.65 second-feet, a volume to which the river rarely ever rises, 
and which has been exceeded only in June 1883 and 1884. 

To illustrate how excessive is the rating of these older ditches, take 
the Boyd and Freeman Ditch. It stands No. 6 on its original con- 
struction, and is granted 66.05 second-feet, dating March 15, 1862, or 
eight years before the settlement of Union Colony at Greeley. By 
reference to the table it may be seen that this ditch claims only 900 
acres under it, mostly grass. This would give a duty of only 13.7 
acres i)er cubic foot per second, even if it claimed only its first appro- 
priation. In addition to this, however, it has two enlargements, bring- 
ing its claims up to 99.28 second-feet, or a duty of only 9 acres per 
second-foot. This matter is further discussed at length in the reports 
of the State engineer, notably in the Sixth Biennial Report, for ISl'l 
and 1892, pages 13 to 17. 
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EXTRAVAGANT CLAIMS TO WATER. 

This excessive adjudication was obtained largely by false testimony 
or was due to the ignorance of the witnesses, not even those who pre- 
tended to be engineers being able to compute the probable capacity 
of a canal from its slope and sectional area. Where formulas were 
used they were not applicable to small, crooked, poorly constructed 
litches, such as were the early ones. Had there been water running 
n the river at the time the referee of the court took the testimony, 
he actual size of the ditches could have been approximated somewhat 
nore closely; but it was late in the autumn of 1870 when this was being 
lone, and the river was very low at the time. Moreover, there was no 
kttempt made by the referee to have the ditches measured. This 
x>uld have been done in the case of the smaller ones, which were also 
ihe ones whose capacity were the most excessively estimated. How 
nnch the capacity of the canals exceeds the supply can be seen by 
comparing the above decreed allowance with the table of estimated 
mean monthly flow given on page 27. 

CACHE LA POUDRE CREEK. 

When, in 1870, the Union Colony settled in the lower end of the 
ralley and founded the town of Greeley, there were only about 1,000 
acres in cultivation, all upon the bottom lands near the river, but the 
BmaU canals then constructed claimed and had awarded them as 
appropriated 692.84 second-feet. There were in all some 23 small 
ditches taken out of Cache la Poudre Creek l^efore 1870. If from this 
number are taken 4 small canals that were afterwards enlarged and at 
this time claimed only 42 second-feet, it is found that the 19 remain- 
ing ditches had under them in crops, according to the report of the 
State engineer for 1888, only 5,600 acres. To water this area they had 
at this latter date claims awarded them to the amount of 650 second- 
feet, or a cubic foot for every 10 acres. However, a provision in each 
decree restrains each ditch to so much of the quantity awarded as is 
Deeded for beneficial use and prohibits all waste. There are only 9 
canals shown in the State engineer's report for 1 894 that have records 
of the water taken in at their head gates for that year. These had 
crops to the extent of 10(5,000 acres, while the remaining 19 had only 
about 10,000 acres under crops. The fact is that by means of the 
irrigation of the uplands under the later larger canals, the lands under 
these lower canals, for the most part, need no water, but are, on the 
contrary, in many instances transformed into swamps. 

There has been an opinion prevalent among the owners of the 
bottom-land canals that they, in some way, owned the water awarded 
by the court to their ditches which they could sell to other ditches 
when they did not need to use it where originally located. More- 
(irer, if they did not need all of the water, or if, in fact, their ditches 
«W» * 
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could not carry it, the owners thought that they had a right to sell or 
transfer the remainder to such persons or places as they might find 
convenient. While there might be some justice in allowing a person 
whose land was ruined by the irrigation of the uplands a right to use 
as much water as he had actually used upon these lands through some 
other canal, it would have been ruinous to lat^r canals to allow a 
transfer of the excessive quantities erroneously decreed to the earlier. 
This situation is now well understood, and later decrees by the courts 
in other districts base grants to water to a canal only to the extent that 
it is proved that the water has been applied. These excessive claims 
allowed by the courts affect every district in the division of the Platte, 
and are even more extravagant in others than in Cache la Poudre dis- 
trict; so the people of Greeley engaged an attorney to cross-question 
witnesses and restrict claims as much as possible. 

CONSERVATION OF WATER SUPPLY. 

From a consideration of the appropriations of water from Cache la 
Poudre and a comparison of these with the amount actually flowing 
at the upper end of the valley, it is evident that there must be a 
deficiency in ordinary years. In years of scarcity the lands under all 
but the oldest canals do not have sufficient water to enable them ia 
make a full crop. This is demonstrated by the fact that in 1894^ the 
crops under all the later canals were more than double those of the 
averages of the preceding five years, these being periods of less than 
average flow. Even in 1894 the lands under the older canals, having 
all the water needed, produced better than those more stinted. This 
is shown by a comparison of the lands under the three largest canals 
of the valley. These are shown in the following table in the order of 
priority of appropriations: 



Name. 



Cache la Pondre Irrigation Company's canal 

Larimer and Weld Canal 

Larimer County Ditch 



Total 

area in 

crop. 



Acres. 
22,045 

44,384 

16,714 



Quantity 
of water. 



DeotiL 



Acre- 
feet. 

70, 610 
77,225 
27,830 



Ftet 
8.2 

1.7 

1.66 



. 



It is shown that the acreage under the first is about half that under 
the second, and, as can be seen from the table on page 52, there 
was half as much wheat, about as much oats, more than half as much 
barley and corn, and more potatoes. The latter is the most important 
crop, one-fourth of the land cultivated under each of these two canals 
being in potatoes. The showing under the Larimer County Diteh was 
still worse, as it had more than two-thirds as much land as the first 
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under crops, while it had less than two-thirds as much wheat, less 
thaui one-third as mnch oats, a trifle more than its ratio of barley, but 
less than one-fifth as many potatoes. 

These three canals, it will be seen, luive under them about two- 
thirds of all the land in the valley. The rated capacities of these 
canals, for which the court has issued decrees, are 580, 720, and 480, 
the sum being 1,780 cubic feet per second. The total claimed by 
canals in this district at the end of 1888 and for which decrees had 
been granted them by the court, as shown on paj?e 47, was 4,632.53 
second-feet; that is, three canals have set apart to them by appropri- 
ation, as the decrees of the court stand, only about 38.4 per cent of 
the flow of the stream, while they have OG.O per cent of the land irri- 
gated. Many of the smaller ditches never could carry the <[uantities 
which were granted them by decree of the district court, and if they 
coald carry them, they could not possibly use them. 

CROP AREA. 

The following table gives the crop statistics of Cache la Poudre 
Valley as obtained from a house-to-house canvass of the entire dis- 
trict. * Although absolute accuracy is not attainable in such matters, 
it is more nearly complete than anything of the kind that has been 
heretofore attempted in this State. There is also appended in the 
right-hand column a statement of the water received in 1804 by the nine 
principal canals, these being the onlj' ones concerning whose intake 
a record was kept by the district commissioner: 

Crop statistics m district No, S — 1S94' 
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From the atx>vo table it will be noted that there arc 61,120 acres 
recorded an waste and pasture land. Parts of this, perhaps not more 
than 2,000 acres, are above the levels of the canals, bnt the larger pro- 
portion is near the river and is kept so wet by the irrigation of th* 
uplands that it needs no f urtlicr application of water. Much of it has 
changed into cat-tail and rush-bearing swamps. This is true of «r- 
tain basins and valleys among the uplands. Some of these Itasinshave 
been utilized as reservoir sites. These are chiefly found in the upper 
end of the valley, on the north side. The surface of the country here 
is quite rolling. The soil is a somewhat stiff clay, resting uponaBOft 
argillaceous shale which rises to near the brim of these basins, and 
thus renders them nearly water-tight. 

Nearly all the land under cultivation, that is, under canals, is on tht 
north side of the river, tlie only exception being a small area of abon' 
12,000 acres near Fort Collins. The reason is that below the point 
where the canals on the south side are seen to terminate the level of 
the land rises abruptly from the first liottom of the river to a height 
of from 50 to 100 feet. Near Greeley tlic bluffs lower and enables 
small area in and near the town to be brought under a canal taken 
from Cache la Poudre Creek alH)ut 6 miles above the place. The hilly 
region to the south and west of Greeley is irrigated by the Lovelanii 
and Greeley Canal, which takes its wat«r from Big Thompson Greet, 
the next tributary of the Platte above Cache la Poudr© Creek. 
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AMOUNT OF WATER USED. 

The mountain watershed of Caclio la I^oudre Creek above the gag- 
ing station is alx)iit 1,060 sciuare miles, or 678,400 acres. The area 
actually irrigated by the water which passes this point was computed 
by Prof. L. G. Carpenter to be 135,(XX) acres,* this being less than 
one-fourth of the extent of the mountain gathering ground. The 
total discharge as measured by the intake of the canals in 1804 during 
the irrigating seas<m is computed by Professor Carpenter at 284,000 
acre-feet. This would give a depth of run-off for that period of about 
four-tenths of a foot for the mountain watershed. This was a year of 
far more than average flow. It has Ijeen stated that the average for 
the four years ending 1802 was 227,302 acre- feet, which would give a 
depth of yearly run-off of about oncj- third of a foot. 

The average discharge of all of the tributaries of South Platte River 
for the five winter months — November to [March, inclusive — for four 
years, as given by the rex)orts of the State engineer, was 472 second- 
feet, or 141,364 acre-feet. As irrigation is carried on during the other 
seven months, this amount is all that was available for storage except 
daring times of fiood. 

The discharge of Cache la Poudre Creek for the five winter months 
was, from an average of these four years, 24,8o8 acre-feet, a quantity 
much exceeded by the capacity of reservoirs now constructed. The 
total average flow of the tributaries of Platte River for the other seven 
months is approximately l,orKj cubic feet per second, which for 213 
days would Ihj 34,966,0(X),(XJ<) cubic feet, or 760,252 acre-feet. The 
average for Ca<5he la Poudre Creek for same months of the four years 
is about 500 cubic feet per second, or 9,202,000,000 cubic feet, or 
202,444 acre-feet. 

The area irrigated in 1802, as given in the engineer's report for the 
Flatte division, was 678,620 acres, while in Cache la Poudre district 
it was 162,230 acres for the same year. This would give a depth of 
1.13 feet over the area of the division of the Platte and of 1.24 feet 
for the Cache la Poudre district from the water received through the 
canyons of the respective streams. To this must ]ye added the 
amount received from return seepage, or "underflow," which is used 
within the Platte division. The greater j)ortion of the return from 
irrigation of Cache la Poudre district is also used within that district. 
As nearly as can be estimated, the return at that time was, for the 
whole division, a]K>ut 1,000 second-feet, while that used in Cache la 
Poudre district is al>out 100 second-feet. This, added to the depths, 
respectively, would give for the division a depth of 1.70 feet of water 
applied, and for the Cache la Poudre district 1.40 feet. 

The water flow during the four years under consideration, namely, 
1889-1892, was below the average. The amount of water taken into 

I Gotondo Ezperiment Station BoUetin Xa 28; January, 18B8, p. U. 
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all the canals during the irrigation season of 1894 in Cache la Pondre 
district, as measured by the commissioner of the district, was 260,232 
acre-feet. If the same number of acres are considered as irrigated as 
in the other period, these results for 1894 give a depth of 1.70 feet. 
If, however, the area stated to be under crops in the report of the 
commissioner is taken, including in this meadows and alfalfa fields 
and rejecting that included under the heading "Waste and pasture 
lands," which are scarcely at all irrigated, it is found that the water 
received by the canals would have covered the land to the depth of 
2. 45 feet. This leaves out of account the waste by evaporation and per- 
colation from some 332 miles of main canals and several times that 
length of laterals, which would be not less than 20 per cent. This 
amount, subtracted from the above, gives a depth of 1.96 feet. 

QUANTITY AVAILABLE FOR STORAGE. 

It has been found that the average flow through the canyon for the 
five months from November to March is about 84 second-feet. If to 
this is added the return underflow between the gaging station at 
the canyon and the head of the canal that feeds Cache la Poudre 
reservoir, there will be had the total winter water available for 
storage. 

The shrinkage in return underflow during the winter, when the 
lands draining into the Poudre are not being irrigated, is greater in 
the upper end of the valley, between Fort Collins and the gaging 
station, than between Fort Collins and the mouth of Cache la Poudre 
Creek on account of the narrowness of the upper irrigated belt com- 
pared with the lower. In other words, the return underflow will be 
more constant in proportion to the width of the belt irrigated, since 
lands adjacent to the stream soon drain back into it all their surplus 
water when the source of this is cut off. 

The average gain from the canyon down to Fort Collins, as shown 
by the two autumn seepage measurements of 1893 and 1894, was 28 
second-feet, and by that of March, 1894, was 5 second-feet. The 
mean of these gives a little over 16 second-feet, which can be added 
to the winter flow through the canyon of 84 second-feet.^ This gives 
an average total for storage purposes of 100 feet. All the underflow 
below this, out of the irrigation season, goes into the Platte and is not 
now stored, nor can it be stored for use on the lauds of Cache la 
Poudre Valley. Suitable basins are found below on the north side of 
the Platte, in which can be stored the winter waste of the Platte and 
all its tributaries. These basins have been surveyed and articles of 
incorporation filed for their construction, but the enterprise is sup- 
posed to involve the expenditure of a million and a half dollars, and 
the capital to push it through is not yet forthcoming. 

* Colorado Agricultural Experimental Station Bullotin No. 33. Seepagre or return waters from 
irrigation, byL. O. Carpenter, pp. aO-2S. Jan.^ 1886. 
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The total average winter supply of Cache la Poadre Creek for stor- 
age in reservoirs, all of which are now adjuncts of the four largest 
canals, may therefore l)o set down at 100 feet per second for 150 days, 
1,296,000,000 cubic feet, or 20,750 acre-feot. Those under the North 
Fork canal do not come und<ir this estimation, as the water they have 
been storing comes from that tributary above the gaging station. 

The reservoirs of the Larimer Count}' Canal claim 458,000,000 cubic 
feet, the two largest ones of the Larimer and Weld 900,000,000, and 
the Cache la Poiulre Reservoir claims :^G8,000,(XX), making in all 
1,726,000,000 cubic feet, and if this be reduced 30 per cent for over- 
estimation, we have a corrected capacity of 1,208, 000, 0(X) cubic feet, 
or 88,000,0(K) cubic feet less than the average available winter supply. 
But this does not take into account evaporation and percolation that 
are taking place the year round from the reservoii*s. The five main 
reservoirs have an average water surface for the year of about 1,200 
acres, the minimum l>eing al)out 300 acres and the maximum 2,100. 
The evaporation from a water surface in this clinmte is found to be 
about 6 feet deep. This would give a loss from the surface of the 
reservoirs of 7,200 acre-feet, or 313,000,000 cubic feet. 

The extent of percolation can be estimated with much less certainty; 
but from the character of the sites of all the storage basins, save that 
of the Cache la Poudre Reservoir, it can not be great, since they are 
underlain by an impervious shale rock which also rises to form their 
rims. A tenacious clay overlies this rock, and hence it would appear 
that percolation would be small except through the artificial embank- 
ment, where it may be large; but that part of the escaping water 
which gets into the channel of the outlet canal is inconsiderable. If 
the percolation from those reservoir sites, estinmted at 2,000 acres, 
was equal to that tlirough the surface of the irrigated land of the 
valley, it would amount to 2 feet per second, or to 63,000,000 cubic 
feet for the year. It is quite likely that it is as much as this owing 
to the great pressure during that part of the year in which the reser- 
voirs are well filled, an<l the average for each reservoir would be 
only two-fifths fcM)t per scM?()n<l. This would make a total waste of 
376,000,000 cubic feet, which is 28«,(KK),(KX) cubic feet more than the 
river's estimated surplus. From the above estimates it is apparent 
that the average winter flow that can be utilized by the large reser- 
voirs is inadequate to their needs, liesides this, it is not desirable, 
as a rule, to completely fill the reservoira l>efore the storms set in, as 
the spring winds drive h(»avy waves against the lower embankments, 
Ihey IxMug situated in the direction opposed to the prevailing north- 
west storms. 
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RESERVOIRS. 

Besides the reservoirs mentioned there are a number of small ones, 
especially under the Larimer and Weld and the Cache la Poudre 
canals. Under the former the claimed storage capacity is about 
175,000,000 cubic feet, and under the latter about 110,000,000 cubic 
feet. These reservoirs are used by one or more parties for storing 
the water from the canals when it is not needed, and to cat'Ch as much 
as possible when water is plenty. They have no independent means 
of drawing directly from the rivers. A number of reservoirs are in 
use, and more are projected that will obtain their supply from seepage 
water. One very large concern, the corporate name of which is the 
Windsor Reservoir and Canal Company, proposes to store 510,000,000 
cubic feet in two reservoirs filled entirely from a ditch cut through a 
swamp made by irrigation. 

Nearly all the reservoirs are connected with the four principal canals 
of the north side and are on the upper end of the canals. It happens 
that there is a series of depressions or basins naturally suited for this 
purpose in that part of the valley where they can be of most use. 
Farther east the land slopes gradually to the southeast or in the gen- 
eral direction of the dry creeks outlined on the map (fig. 2). In this 
lower end of the irrigated area the soil, though deep, is underlain by a 
heavy body of gravel, which gives good drainage and prevents water- 
logging. Such a formation would be very undesirable under a reser- 
voir, since, if not puddled, it would allow the water to waste by per- 
colation. 

In the reservoir region the soil, which is a stiff clay, lies directly 
on argillaceous shale. About 7 miles north of the river, near the lower 
end of the valley and on the ridges between the valleys of the dry 
creeks, the Laramie coal-bearing formation is found, and it extends 
thence northwest of Eaton, at which place alone it is mined. The 
depth to the coal is about 75 feet through clay, for the most part, the 
coal having a shale roof. The formation is dry here, but to the west 
is wet by the extensive irrigation practiced above. 

The basins which have been utilized as reservoirs appear to have 
been formed by flexures or faults in the strata, and not by ero- 
sion, since in cutting the outlets the rock is found in the lower 
edge of the rim higher than it is toward the center of the basin. This 
rock is practically impervious to water. When the rock is wet, the 
water takes a lateral course over its upper layer, the clay next to it 
becoming quite soft and even disposed to slough off where a cut is 
made. This is the weak place in the structure of reservoirs on these 
sites, and has caused alarm on the part of people living under them. 

There are now more reservoirs in the valley than can be filled with 

the available water. As a consequence the owners are asking that 

laws be passed fixing more definitely the time of year when water may 

be stored in preference to being used tor irrigation. The regulations 
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now require that water companies keep their canals running for the 
use of consumers from April 1 to November 1 , except during the time 
taken for necessary cleaning and repairs. The reservoir law provides 
that any x>er8on shall have the right to take from natural streams of 
the State and store away unappropriated water not needed for imme- 
diate use, for domestic use, or for irrigating purposes. The general 
theory is that when growing crops need water for irrigation the per- 
son having such crops has a right to it su])erior to those wishing to 
store it for future use, even though the works constructed for storage 
purposes antedate the canal supplying such growing crops. 

The superior rights for immediate irrigation is supposed to exist 
especially during the seven months that canals are requireii to l>e 
kept running, even though the water is l)eing used only for moisten- 
ing the soil for the mechanical purjwse of enabling it to be more easily 
plowed or for storing up moisture for next year's use. The owners of 
a canal that has no reservoir constructed on purpose to store water for 
its use in times when it is not needed for irrigation may well claim 
that the soil on their farms answers such a purpose, and that they 
have as good a right to run water onto these farms whenever they can 
as the owners of canals with reservoirs have to run it into the latter. 
These parties insist that the only time when they can be prohibited 
from using water is the one in which nature withholds it from them, 
namely, when it freezes so hanl that they can not run it onto the land. 
This time differs so much in different localities of the State and is also 
so dependent on the character and situation of the works of diversion 
that it precludes any rules being laid down by the legislature. 

If the canals now having reservoirs were without them, they would 
have a prior claim for use of the water after the crops were grown 
(provided they had a prior right for the irrigation of growing crops), 
and the fact that they have built reservoirs to store the water at times 
when it is not neede<i for growing crops should not, in the judgment 
of the writer, impair their rights to store the water instead of using it 
on the soil which is to play in part the purpose of a reservoir. 

If such were the rule, every canal's right to water for storage for 
future use would have the same date as the rights of the canals of 
which they are adjuncts. The rule, however, is that reservoirs have 
prior rights to water for storage among themselves according to date 
of filing claims with the State engineer, provided the work be prose- 
cuted with due diligence, irrespective of the claims of the canals to 
which they are adjuncts. 

All the reservoirs in the Poudre Valley are adjuncts of some canal 
previously built, and are constructed to furnish such canals at times 
of scarcity in the river during the season that growing crops nee<l irri- 
gation. This is usually in the latter part of the season and for the 
potato crop, which is grown extensively, especially in the lower end of 
the valley.' The quantity of water available for this purpose is, as 
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above stated, now exceeded by the capacities of the reservoirs, and 
parties are in court disputing one anotheFs claims. It appears more 
likely that the courts ^ill work out some generally recognized rule 
than that the legislature will be able to pass any law of general appli- 
cation, since the different irrigation localities hold diverae views and, 
indeed, have diverse conditions to be satisfied. 

NORTH POUDRE LAND, CANAL, AND RKSERVOIR COXPAirT. 

The North Poudre or uppermost of the canals, though among the 
latest in construction — its appropriation being No. 97 in the district— 
was the first to avail itself of reservoirs. The necessity for storing 
water which could not be used in the irrigation season early pressed 
itself upon the attention of the proprietors, not only because this canal 
was among the latest to appropriate water, but because the North 
Fork, from which it takes it« supply, does not head back so far in the 
Snowy Range as do the other branches of the Poudre, and hence its 
water supply fails or becomes low early in the irrigation season. With 
perhaps the exception of the Larimer County Canal, these reservoirs 
are of more vital importance than those of any other canal in the 
district. 

The number of reservoirs recorded in the reports of the State end- 
neer up to 1894 is four. The date of the filing of these is December, 
1891, but it is claimed that work was begun in 1883, and contention 
is made that priority dates from the commencement of work rather 
than from the date of filing claim, provided the work has been pn)se- 
cuted with due diligence and the water applied to beneficial use within 
a reasonable time. This question is still in the courts, but reasoning 
from the position taken in regard to canals, it maybe inferred that the 
contention will be sustained. Without these reservoirs the canal 
would be worthless. 

The quantity claimed for these four reservoirs is 330,000,000 cubic 
feet, or 7,260 acre-feet. The proprietors of the canal report, in all, 
12 reservoirs, with a united capacity of 800,000,000 cubic feet, or 
17,600 acre-feet; but these later claims come after those of other 
important reservoirs, which may exhaust the supply available for 
storage. 

A dam of considerable elevation was required at the point of diver- 
sion from the stream to raise the water into the head of the canal. 
This structure was made of timbers and loose rock, both obtained 
close by, and has proved so far safe and durable, in spite of the fact 
that the engineer, Patrick O'Meara, had but little faith in so loose a 
structure, built in part of perishable material. At its head the canal 
has also about a mile of fluming, a large portion of which rests on the 
rock prepared for it along the edge of the mountain. This flume has 
recently been replaced, and has needed much repairing. The dam 
and upper part of the flume are shown in the accompanying view 
(PL XV). 
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In proportion to its capacity, this canal is the most expensive in 
le district, having some tunneling besides tlie flaming. The cost is 
^id to have been $150,000, which probably includes some work on 
le reservoirs. This latter was mostly done by the ** Hartford Trust 
id Loan Company," behind which stands the ** Travellers' Insurance 
ompany." This company furnished most of the funds, and soon 
ime in possession of the work and the land under it, which is said 
> be 16,000 acres. The company has found it a most expensive 
Lvestment. It is stated that for the twelve years the net expendi- 
ire over income has been at least *10,000 per annum, this including 
le work done on the reservoirs. The flumes rebuilt under the direc- 
on of Engineer J. C. Ulrich are said to be models in this line of 
mstruction. One of these* is 2,200 feet long and 25 feet wide at 
le upper end, gradually tapering to 15 feet at the pL'K*e where the 
ater acquires its maximum velocity. The side planks are bolted, 
istead of being nailed to posts, and at the lower end the flume is 




Fig. 7.— Vertical section of drop on North Pondre Canal. A B, line of canal. 



iven a perpendicular drop to guard against moving out, a tendency 
I flumes ending on the level with the canal l)elow them. This end- 
ig of the flume is illustrated by fig. 7. In the new flumes all the 
imber used is well seasoned and tarred, and this, in the opinion of 
le engineer, will much increase its durability. 

The outlets of the reservoirs are deemed among the best in the 
tate. They consist of iron pipes laid in Portland cement masonry 
ad closed at the lower end by means of waterworks valves. In the 
»rger reservoirs two pipes instead of one are used, to secure the easier 
aeration of the valves. The fact that the means of opening and dis- 
larging the reservoir are at the lower end of the conduit pipes, and 
3nce not covered by the water of the reservoir, as they are when 
ther at the upper end or in the middle, is a great convenience and 
lards against numerous difficulties that attend operating under 
ater. In the case of the North Fork Canal reservoir system a small 
Lscharge from each of its reservoirs into the canal will compensate 
»r want of ample discharge in each separately. 

> Anniud Beport of Am. Society of Irrigation Engimeera, 1898, p. 188. 
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EXCHANGES OF WATER. 

Besides the eases above mentioned, other friendly exchanges are 
made by the canals and reservoirs of different companies. Daring 
the season of 1895, Cache la Pondre Canal began to receive from the 
river widely fluctuating amounts, the quantity carried being on one 
day as high as 2<X) second-feet and on the next 25 second-feet. It is 
exceedingly difficult to distribute such a supply fairly to the consam- 
ers. In this emergency, the proprietor of the Windsor reservoir, just- 
above the canal, allowed the water to flow through the Larimer and 
Weld Canal into his reser\'oir, and then to be drawn off in definite 
quantities for a definite time. 

These civilities are the more worthy of notice, since all three of the 
parties have been and still are engaged in litigation as to their respective 
rights to storage water. Three suits have already gone throng^ the 
district court and are now before the supreme court of this State. 
The claims of reservoirs to water for storage have never been subjected 
to a general judicial inquiry, like that given to claims of canals. 

The law provides that when any party proposes to constmot a res- 
ervoir he must send a notice, supported by affidavits, setting forth 
the name of the reservoir, the source of its supply, the name of its 
feeder, the time of commencing work on it, and its capacity in cubic 
feet. The data thus furnished is for the guidance of the river com- 
missioner in allowing reservoirs to have water for storage, but may 
be attacked in court and claims there made good. In these inves- 
tigations the time of commencing work gives precedence, provided 
work is prosecuted with due diligence, but the whole quantity that 
the reservoir can hold may not be granted as of date with the com- 
mencement of the work, provided some other party who began later 
has prosecuted work with superior diligence and has commenced to 
use before the first party was in a condition to store and use the whole 
of what he had claimed. Hence certain reservoirs in this district 
have a right to fill to a certain height and then fill to their full 
capacity after others are filled or partly filled. A record of the righta 
of reservoirs is gradually being had similar to that of canals, but these 
rights are in an inchoate state until the supreme court passes on theuL 

LEGISLATIVE AND JUDICIAL CONTROL OF WATER. 

From the preceding statements regarding the canals and reservoir 
systems of Cache la Poudre Valley, the attempts made at water 8to^ 
age, and the complications arising, it is apparent that a considerable 
body of laws and court decisions must have been developed. It has 
been from this district, in fact, that many of the most perplexing 
water questions have arisen, and its public men have bc^n foremost 
in the presentation and discussion of bills designed to i)rotect irrigators 
iu the eDJoymeat of the waters to v^Mch they are by use entitled. 



BOTiK] LEGAL CONTBOL OF WATER. 61 

OBIGIN OF THE COLORADO SYSTEM. 

The canals irrigating the lands of Union Colony were among the 
lowest taken from Cache la Poudre Creek. In the years succeeding 
the founding of the colony new canals were built higher up the valley 
and old ones enlarged. As a consequence, in the latter part of the 
year 1874, a time of unusual scarcity, the river was dry at the head of 
the canal that supplied the town, and there was great danger that 
trees, small fruits, and lawns would be ruined. A meeting was called, 
about 40 delegates representing the various irrigation interests being 
present. A proposition was offered to appoint a disinterested person 
to divide the water according to the necessities of the users, disregard- 
ing, for the present, priority of appropriation — a doctrine which was 
generally recognized, but which under the conditions then existing 
was found impracticable. 

The men upstream would not listen to compromise, relpng upon their 
advantage of position, nor would most of the Greeley people accept 
it, as they were afraid that the concession would be used as a prece- 
dent, and that they would thereby lose an undoubted right. Debate 
ran high. Threats of appeals to arms were freely exchanged. But 
at last the men above agreed to let down some water to save the most 
valued trees and shrubs in the town. The promise was not kept, and 
violence would have been resorted to. but for a timely heavy rain, 
which both raised the river and moistened the parched gardens and 
lawns of the town and the fields in the country'. From that day forth 
the people of Union Colon}'' set their hearts ui)on having a law enacted 
to enable them to have the water of the river distributed according 
to the vested rights of all concerned. Still for some time no one 
outside could be led to take an interest in legislation of this kind, 
and the years 1875, 1876, and 1877 passed without anything being 
accomplished. 

The constitution of the State, adopted in 1876, recognized in express 
terms the right of citizens to appropriate the waters of the State for 
beneficial uses, domestic, agricultural, and mechanical; but there was 
then no law to give this provision efficac3^ Soon, however, other com- 
munities, especially the settlers on St. Vi^ain and Boulder creeks, 
encountered like difficulties, and the farmers around Fort Collins, 
who had at first opposed legislation providing for a distribution of 
water according to the rights of prior appropriators, began to favor 
it when they saw large enterprises inaugurated for the purpose of 
taking the water out of the river much higher up than the head of 
their canals, and thus threatening to deprive them of the advantage 
of position they had been enjoying. 

IRRIGATION CONVENTION OF l»i8. 

As a resnlt of the general appreciation of the need of State regula- 
tion and control, a convention of delegates representing the various 
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irrigation interests met in Denver late in December, 1878, for the pur- 
pose of formulating a scheme of irrigation legislation. Only the 
Platte Basin, now designated Division No. 1, was represented. Ai 
that time there was scarcely any irrigation carried on in those drain- 
age basins that now constitute the other five irrigation divisions of the 
State. Indeed, it was not until 1885 that there was any effort made in 
other parts of Colorado to have the State control and divide the water, 
as provided in the act of 1879. 

At the convention held in Denver the sentiment in favor of and 
against regulation by a State law was nearly evenly divided. Those 
from the districts where the supply in time of scarcity was exhausted 
were in favor of such regulation, while those who still had plenty of 
water were opposed, as they feared it would impose on them a need- 
less expense. Others, especially lawyers, held that rights could be 
better secured through the courts. 

It was finally agreed that a committee of five draft a bill for a law 
providing: (1) for the division of the State into water districts co^ 
responding with areas irrigable from certain natural streams or por- 
tions of streams; (2) for the appointment by the governor of a water 
commissioner for each district, whose duty it should be to divide the 
water in his district according to a record of priority of appropriation, 
to be ascertained by some sort of judicial proceeding; (3) for regu- 
lations in regard to construction and right of way for reservoirs; (4) 
for the appointment of a State engineer and for gaging the streams 
of the State. 

The committee, consisting of David Boyd, of Greeley, chairman; 
John C. Abbot, of Fort Collins; Dr. I. L. Bond, of Boulder; Daniel 
Witter and J. S. Stanger, of Denver, drafted a bill, which in it« essen- 
tial features became law by the action of the next legislature. The 
provisions, however, relating to a State engineer and providing for 
the gaging of the streams were rejected on the ground that it would 
be too expensive to the State, the agricultural interests of Colorado 
being then deemed insignificant. It became apparent by the time 
the next legislature met that little could be accomplished without a 
State engineer empowered to make measurements of water, and pro- 
Adsion was accordingly made therefor. 

DIVISION INTO DISTRICTS. 

For the benefit of those who are studying the Colorado system or 
endeavoring to amend or improve State or local regulations it is proper 
to present some of the difficulties that beset this committee, of which 
the writer was chairman, in its attempt to draft a bill providing for 
the matters above named. One of the most perplexing things to deter- 
mine was how much land should be embraced in an irrigation district 
or area within which priority of appropriation as conferring priority 
of right to use should be applied, and a record made as a basis of divi- 
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don by the agents appointed for that purpose. Theoretically, such a 
record should embrace what is contained in one of the six grand divi- 
sions into which at a later date the State was divided. 

The question was narrowed down to whether the whole South Platte 
and its tributaries within the State should be embraced in one record 
and be under one administration, or should be subdivided into a 
number of districts, for each of which a record of appropriations 
should be made without reference to the claims of the other districts 
of the division. It was finally decided that a record of the whole 
South Platte basin, covering so large a territorj' and embracing so 
many claims to water, would require for preparation an excessively 
long period, and that it would be almost imx)Ossible to execute the 
decrees, even when tabulated. 

Eight of the districts now shown in Division I of the drainage map 
were then created. The first extended from the State line to the 
mouth of Cache la Poudro Creek ; the second, from there to the mouth 
of Clear Creek, near Denver, taking in only the main channel of the 
Platte. Cache la Poudre basin was made the third and Big Thomi)son 
basin the fourth. St. Vrain Creek, except its main tributary, Boulder 
Creek, became No. 5; North and South Boulder creeks. No. 6; Clear 
Creek, No. 7, and the Platte above Clear Creek, No. 8. This latter 
was divided later into three. Bear Creek becoming No. 0, and all of 
the Platte above the canyon in South Park was numl>ered 23. 

Recently district No. 1, which was about 150 miles in length, was 
divided into two districts, the lower one being numbered 64. South 
of this, Nos. 65 and 49 were created, l)oth taking water from the upper 
forks of the Republican, which are dry creeks for the greater part of 
the year. Three other districts, which take their waters from the 
upper tributaries of tho North I*latte before they cross into Wyoming, 
were numbered 46, 47, and 48, and added to the first division. These 
five districts outside of the South Platte basin are relatively insignifi- 
cant from an agricultural iK)int of view. 

In carrying out this scheme of districts, each with a separate record 
and administrative officers, the results were favorable as regards Nos. 
3, 4, 5, 6, 7, and 8, each of which had an independent permanent sup- 
ply from the mountains; but they were not so in numbers 1 and 2, 
which were wholly dependent upon streams passing through the six 
districts first named. The trouble was first felt in district No. 2, in 
which are situated the earliest ditches of the State, and which is sup- 
plied almost wholly by the streams embraced in what originally were 
Nos. 7 and 8, The vicinity of these latter to the cit}" of Denver led to 
great development in the way of irrigation works about the year 1880 
and thereafter, and when put in operation they soon exhausted the 
supply which district No. 2, on the Platte below Denver, had formerly 
received. 
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SUPBRINTENDBNTS. 

The increasing difficulties in district No. 2 led to the enactment in 
1887 of a law providing for division superintendents. The more 
important of the duties of each of these are as follows: Within thirty 
days after his appointment each superintendent of irrigation shall 
send notice to the clerk of the district court of counties in which judi- 
cial decrees have been rendered, fixing the priorities of appropriation, 
and shall request of the clerk a certified copy of every decree estab- 
lishing such priorities. The superint<endent shall then cause to be 
prepared a book to be entitled "The register of priorities of appropri- 
ation of water rights for division No. — , State of Colorado," wittdn 
which he shall enter certified copies of decrees, and shall make out a 
list of all ditches, canals, and reservoirs entitled to appropriations of 
water within his division, arranging and numbering these in consecu- 
tive order, according to the dates of their respective appropriations 
within his division, and without regard to the number which they may 
bear within their respective water districts. 

Water commissioners of the different districts are to report from 
time to time to their division superintendent the state of the water 
supply in their respective districts. From these reports he is "to 
ascertain what ditches, canals, and reservoirs are and what are not 
receiving their proper supply of water, and if it shall apx)ear that in 
any district in that division any ditch, canal, or reservoir is receiving 
water whose priority postdates that of the ditch, canal, or reservoir 
in another district, as ascertained from his register, he shall at onoe 
order such postdated ditch, canal, or reservoir shut down and the 
water to be given to the elder ditch, canal, or reservoir, his orders 
being directed at all times to the enforcement of priority of appropria- 
tion, according to his tabulated statement of priorities, to Che whole 
division and without- regard to the district within which the ditches, 
canals, and reservoirs may be located." The district commissioners 
are subject to the orders of the superintendent, who may enter their 
districts and enforce his own orders if they are refused or neglected. 

These rules read well, but they have been found imx)ossible of exe- 
cution. The water supply became deficient about the 1st of June, 
1890. Many of the older canals in district No. 2 were empty, and an 
attempt was made to supply them by shutting dowTi canals in other 
districts that postdated them. An order was given to cut off the 
supply of the Farmers' High Line and of four other large canals tak- 
ing water from Clear Creek. The owners of these canals got a tem- 
porary injunction, which was afterwards made permanent, restraining 
the superintendent from shutting them off. The reasons given by 
the court for granting the injunction were — 

First, that the superintendent did not have the necessary informa- 
tion from the water commissioner, in the form prescribed by law, on 
which to base his order. 
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Second, that the ditches in district 23, embracing the Soath Park, 
were not ordered closed to a date corresponding to those in the valle3\ 

Third, that the law of 1887, which creates the office of sujierintend- 
ent and defines his duties, is unconstitutional, in so far as its effect is 
to determine right>s of priority in the watei*s of the natural streams 
against i>ei'Sons who have had no day in couil, by making the decrees 
rendered in one district binding and conclusive against claimants in 
another separate and dist inct district who have also re<;eived decrees. 

In regard to the first reason, it may be said that the kind of infor- 
mation required by the law to be obtained from the water commis- 
sioner to guide the superintendent in regulating the supply among 
the different districts of the division is difficult to procure from so 
wide a territory, and comes top late to aid him execute his trust 
with the promptness which the exigency of the situation demands. If 
a canal needs and is entitled to water to-day, it is usually ruinous to 
wait for ten days while the superintendent is getting the legal infor- 
mation, and hence the superintendent has to act, if at all, on the most 
uncertain and usually biased evidence. 

The situation in district No. 23 may be examined somewhat at 
length, as it brings to light some interesting irrigation situations. 

The water commissioner of district No. 23, after consulting with 
attorneys, declined to shut down any ditches whatever. The super- 
intendent then nmdc a personal inspection of the district, and endeav- 
ored to obtain the necessary information as to location of ditches, to 
enable him to close them down himself; but in addition to being 
unable to secure the needeil information, he found that in the excited 
condition of the people it would require the State militia to enforce 
his order. 

This was the last effort, made to shut off the ditches of the South 
Park district, so far lui the writer has been able to learn. The dis- 
trict is very large, containing about 2,500 square miles. The number 
of ditches reimrted is 209. Over 77,000 acres are claimed as under 
irrigation, all l>eing native me^idow land except about 300 acres. The 
quantity of water dc<?reed to this land by the court is 4,665 second- 
feet — sufficient, if tlie <lit<5l!es could carry it, to flood the area irri- 
gated a foot deep every 8.7 days. Measurements made by the State 
engineer discovered the fa<?t that many of the ditches fell far short of 
their decreed allowance, some receiving only about one-tenth of that 
amount. 

It was, moreover, claimecl by the users of water in this district that 
the early and heavy use* of the water on the lands adjacent to the 
small streams that travei^so the Park was a great advantage to the 
supply of tlie South [*latte below its winyon, and measurements made 
by the State engineer seem to confirm this view. Nor is this unrea- 
sonable. This 77,000 acres of land is filled down to the bed rock with 
all the water the soil will hold by streams applied up to July. The 
irrigation is then stopped in order to cut and cure the hay. The w«.tAx 
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rapidly seeps out of the pervious soil, increasing the discharge of the 
streams during the succeeding months. Assuming that the soil and 
gravel to the depth of 6 feet is filled with water, this will be equal to 
a depth of 2 feet of water, and the 77,000 acres would have a storage 
capacity of 154,000 acre-feet. 

That this early excessive irrigation up to about July 1 has the effect 
claimed is borne out by the fact that the measurements of the waters 
of the South Platte as they pass through its canyon show it, on the aver- 
age, to be much smaller than Cache la Poudre Creek at the season of 
high water, and considerably larger during the fall and winter months. 
A belief of this kind, together with the injunctions obtained in other 
cases where the superintendent attempted to shut water from canals 
of one district for the }>enefit of earlier ones in another, has hindered 
the superintendent from interfering with this or other districts. 

CONSTRUCTION A14D OPERATION OF CANALS. 

The object of an irrigation canal is to divert water from a natural 
stream and take it where it can be spread over the land. Other 
things being equal, the shorter a canal is in proportion to the service 
it renders, the more economical that service. Some canals run as far 
as 20 miles before they can deliver any water, while others begin to 
deliver within a few miles of their heads. The length of a canal 
depends mainly upon two things, first, whether there are canals close 
below that cover the upper part of the lands below the new canal; 
and, second, the degree of abruptness with which the land rises as it 
recedes from the stream. If the slope or fall of the stream is great, 
then a canal that has a small slope will gain in the height of its bed 
over that of the river as many feet per mile at the end of a certain 
number of miles as the difference between its slope and that of the 
river. This height of its bed above the bed of the river will bear it 
far away or near to the river in proportion to the steepness of the 
land lying between the canal and river. 

The slope of the upper part of Cache la Poudre Creek after it leaves 
the canyon is for a number of miles 15 feet per mile, which gradually 
changes to 10 feet per mile at its mouth, giving an average of about 
13 feet per mile. Assuming that a canal like the Larimer and Weld 
is started within a few miles of the canyon on a slope of 2 feet to the 
mile and follows the contour of the country to the north of the river 
for 65 miles, and that the meanderings of the canal and of the river 
are al)oiit the same, it is evident that at the lower end of the canal it 
should be 715 feet above the river at a point on the latter opj)osit^ to 
this terminus. However, where this opposite point in the river is to 
be taken is really determinable only by measuring down the river a 
distance of 65 miles, following all its meanderings. 

The height of the Larimer and Weld Canal where it crosses the 

Denver Pacific Railroad, about 9 miles above the river, is 250 feet 

above the river crossing. The length of the canal to this point is 
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about 50 miles, and accordingly, estimating a gain of 11 feet to the 
mile, it should be 550 feet above the river. The railroad distance in 
the river valley from Greeley to the head of the Larimer and Weld 
ia 26 miles, which, multiplied by U\q grade of the road, assumed as 
13 feet, gives 338, and this reduced by the fall of the canal for 50 
miles, namely, KM) feet, gives a height theoretieall}' of 238 feet. 
Hence it is to bo assumed that the fall given to the river is that 
of a comparatively straight line running up its valley, and not the 
real sloi)e of its bed, which must be about only half as much, since 
the bed of the river is more crooked than that of the canal. In Lone 
Tree Valley, whichterminates at the mouth of C-acho la Poudre Creek, 
and which has a nearly uniform slope of 25 feet to the mile, the dis- 
tance of the T^rimer and Weld Canal from the mouth of the creek is 
12 miles. Tliis would give a height of 301) feet, which corresponds 
closely with the other estimates, this point in the canal being about 
60 miles from its upper end. 

These relative slopes must be taken into account when any irriga- 
tion enteri)rise is cont<Mni)lated in connecti<m with considerations as 
to the fall which can Im» allowed a caiuil of a given carrying capacity 
without wearing its bed. Other related questions come, as to the 
alignment of the canal, the straightening by cutting and tilling, and 
increasing the velocity; also how far shall the earth removed in 
excavation be i>Iaced back from the edge of the cut in forming the 
embankments, whether there shall be two embankments or only one 
(on the lower side) wlu^re there is a till, and where, if there is only 
one, the water will run far back on the opposite side. 

Tlie exijerience gained from the results of the construction of two 
canals in our valley by the same engineer is deemed of practical 
value on these points. Tnion Colony Canal No. 2 was given a grade 
of 3.2 feet to the mile, a depth of only 2 feet, and a width on the lx)t- 
tom of 12 fei»t at th(» head. The coui-se was very crooked, keeping 
for the most i>art in tin? ground, neither cutting nor tilling much; the 
earth was pil(?d clos<» to the edge of the lower bank, and no embank- 
ment was mad(? on the u[)per side, however far back the water might 
flow. This was economical in construction, but wasteful in the long 
run. The slope was none t^K* much for the canal at the size it was 
first built, but it was tinally enlarged to some five times its origiiml 
capacity. Tlie sharp bends were of necessity taken out, thus short- 
ening the course and incr<»asing tlu? slope. The upiier side had to be 
embanked where the water flowed far back, in oi*der to prevent the 
Hction of waves on the lower bank and wjiste by evaporation; also to 
allow of the canal being filled and emptied rapidly. 

The result of these changes was a great increase in velocity and 
resulting wear of the bed, which has now to be checked whei*ever 
water is taken from it. Portions of the bed not influenced by these 
checks are being worn away, and hence are in a condition to permit 
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Ij^at loss by percolation. The lower bank has been allowed to remain 
where it was, but should have been set well back, because wherever 
there is much wear on the lower bank there is great danger of break. 
The expense of moving the earth back some 6 feet is insignificant 
compared to the advantage of having it there. 

The experience gained in the construction of Cache la Poudre Canal 
was of value in laying out the Larimer and Weld Canal some eight 
years afterwards. In general the slope planned was only 2 feet to the 
mile except for a mile and a half near the head, where the bed of the 
canal was over large Iwwlders similar to those in the bed of the river 
at the same place and where the fall was 15 feet to the mile. This 
part was given 13 feet fall to the mile, and has stood the wear without 
being materially moved. The lower bank was set back some 6 feet 
and usually made broad enough to allow the driving of a wagon along 
its top. Cuts and fills were made to some extent to preserve the 
alignment from abrupt angles, care being taken, however, not to cut 
too deep when this would prevent the water from being taken onto 
the land near the canal. Small expansions of the canal on the upper 
side were prevented by an upper embankment, except at Lake Lee, 
de8cril>ed on page 39. This serves a useful purpose for storing small 
quantities received from the river in time of scarcity to bt^ delivered 
to alternate sections of the canal in amounts that can be economic- 
ally applied. Another expansion of this kind near the lower end was 
found to be wasteful in times of low water, and a .canal has been cut 
around its lower margin to keep the water out of it except when there 
is a surplus. On the whole, this canal has too much slope for its 
present size, and usually must be checked where water is taken into 
laterals. 

CONTROL BY TELEPHONE. 

This district is i)robably unique in the possession of a special tele- 
phone line for water control. This line was erected in 1889, being in 
part paid for by the two counties of Larimer and Weld, and in part 
by the large canals. It cost $1,500 and is an annual exi>onse of about 
$60. The river commissioner regards it as worth each year its entire 
cost to the several users of water. 

Its upiMir terminus is at the head of the Larimer County Canal; 
thence it connects with La Port^, where the river commissioner lives, 
some 4 miles above Fort Collins. It has two connections with offices 
of canal companies in the latter place, one each at the head of the 
Larimer and Weld and Cache La Poudre canals, two in Greeley, and 
one in Lucerne. 

At three difTorent places, at three set times, the river commissioner 
can be communicated with by those having the irrigation affairs of 
the district in charge. At the head of each of the three principal 
canals a man stays day and night, and the bell of the telephone is 
close to Mb ear when he is in bed. If there should be a sudden rise 
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of water in the river and the commissioner is notified of it, he can 
immediately communicate with these three men at the head of these 
canals and have them raise their gates to save it. If a break occurs 
in a canal, the party who discovers it can communicate with the man 
at the head by going to tlie nearest telephone station and have the 
water shut out in the shortest ixwwiblo time, decreasing tlie damage. 
The river commissioner must visit the gaging station daily to see 
how much water is in the river, this being his guid<» for su[)plying the 
different claimants according to their pnoritiea. Tlie station has a 
self-registering apparatus which gives tlio dilTerent heights to which 
the water rises during the twenty-four hours, and fnmi the height in 
the channel tlie number of feet per second is found from a table ex- 
perimentally prepared by the State engineer. The section where the 
measurement is made has masonry sides and a natural rock bottom, 
which give a definitely fixed cross section. Means of gaging every 
canal diverting water from the river are required to be i)ut in by the 
owners, and these gagings are rate<l b}*^ the State engineer for the 
benefit of the river <*ommissioner. Some of the smaller canals neglect 
to do this, and their water supply is estimated ]>y the commissioner. 

LATERALS. 

The water is taken out of the canals by means of lateral ditches 
placed at short inti^rvals. Tsually they follow the ci*est of the ridges, 
and deliver water on l)oth sides by means of sublaterals. Some of 
these laterals are very large, as, for example, those from the Larimer 
and Weld Canal. These carry as much as KX) second-feet, and in 
some instances have two <litch ri<l(»rs to distribute the water to the 
consumers. The laterals run as far as possible on the crests of the 
ridges that divide the valleys from one another, and the conditions in 
regard to their location are such that they can not be given any slope 
desired but must c(mform to the fall of the ridge followed. The 
average slope of the land lM»tween the canals and the river is about 
25 feet to the mile. Hence, in general, Wi^i lateral has a fall as great 
as that. This will not cut very badly under a flow of a few feet of 
water, but with 1(K) second-feet, as with two laterals of the Larimer 
and Weld (-anal, there is nothing to do ])ut to put in drops here and 
there after the cutting has gone on for some time. These are built 
of 2-inch plank nailed to suiUible timbei*s. It is deemed l>est to have 
a lower horizontal section of planked bottom and to give the water a 
for\*'ard instea<l of a sloping do\vniwanl direction when it resumes its 
f^oui'se in the channel of the canal. 

MEASURIMJ AND DIVIDING WATER. 

From the main latei*al, if it be a large one, the users divert water 
one or many at a time. It is measured to them, or a proportionate 
part of it set off for them, wherever it is deemed best. The quantity 
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taken in by the lateral is estimated by the main canal ditch rider. 
Usually the measurement is made over a weir some distance below 
the head, and is computed from a table furnished by the State engineer, 
applying accurately, however, only to weirs put in according to the 
Francis plan. Largo discivpancies ai'e found in some of these weirs by 
accurate mojiHuroment. Usually more water is given than intended, 
as conditions for controlling velocity of approach are rarely present. 

The Larimer and Weld C^anal uses weir measurements. By its con- 
tracts it is bound to furnish 1.44 cubic feet per second for eachSO-acre 
water right if this amount can l)e had from the river. In the other 
canals measurement is not necessary, since the consumers are at the 
same time owners of the canals and each has a proportionate right to 
all the canal can or does carry. Hence equitable division is all that 
is required. The usual courae to eflfect this is to give for each water 
right so many sectional inches. This is fair, provided the sections 
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Pi a. 8.— Plan of device for dividinfc water. 



are of the same depth and the velocity of approach to the place where 
the section is measured is the same. The first condition can usnallv 
be secured, but often is not, and there is no uniformity in conditions 
to secure equal velocity of approach. 

In the Cache la Poudre Canal devices called Max Clark boxes were 
put in both to measure and make a fair division. It was a modifica- 
tion of the Italian Soldati modulus, and at least did something toward 
making the velocity of approach to the measuring apertui-es uniform. 
It is not practicable to place a dividing device cutting off a propor- 
tionate i)ortion of the whole in a large canal at each place where water 
is diverted, nor is this found practicable at the up[)er end of large 
laterals, but in the lower ends of these, and in laterals in genei-al car- 
rying not uiore than 25 second-feet, it can be done quite satisfactorily. 
A very simple and common form of divisor ' is show^n in fig. 8. 

The i)artition at A is movable and may be placed at different di»^- 
tances from the side. When there is no desire to change the I'elativc 
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quantities taken through the two openings, the partition is fixed, 
rhis is usually the case, as it prevents changes being readily made by 
lishonest parties. When this partition is fixed, alterations can be 
made to suit parties by putting in a i)erpendicular strip of board in 
one side or the other. The viow in PI. XVII shows a device in lat- 
erals of Greeley Canal No. 2 by which the sti*eam is divided into four 
[>arts. 

COST OP IRRIGATION. 

It has been impossible to obtain reliable figures concerning the cost 
>f all of the canals and ditches taking water from Cache la Poudre 
Creek, but, as stated on previous pages, the expenditures in the con- 
struction of the two larger canals are shown approximately. The 
first of thescj the Cache la Poudre, as stated on page 32, cost 1112,000, 
stud its reservoir *110,000 ; in all, $222,000. The cost of the Larimer and 
Weld has been placed at *150,000 for the canal, and for the two main 
reservoirs, ♦105,000, this including the estimated cost of completing 
the Windsor Reservoir. The total cost of this canal and its reservoirs 
IS thus $315,000, and for the two canal systems, $537,000. 

The total area of land in crops under these two canals, not includ- 
ing that designated as waste and pasture land, is 66,349 acres. This 
number of acres divided into tlie cost as just given gives an average 
of less than $0 per acre for the water. The price originally paid the 
railroad company for the land was $3 per acre, making a total first 
cost of land and water of $12 per acre. Until about 1805 this land, 
with water rights, lias been considered as worth on an average $40 
per acre without buildings. As a rule, the lands have actually been 
held at a higher figure than this. 

Omitting the other two large canals on the north side of the river, 
viz, the Larimer County and North Poudre canals, a comparison of 
the cost and value of the remaining irrigating ditches would compare 
favorably with these figures, except in the case where the lands under 
some of the ditches have been injured by excessive seepage and by 
the rise of alkali. If, however, these two large canals are considered, 
a different estimate must be made. Both of these were built afte'r 
the supply in the river was practically exliausted and when extraor- 
dinary expenditures had to 1x5 ma<le to secure a supply. 

The Larimer County canals on the plains cost about $90,000, the 
part in the mountains approximatel}'^ the same, $00,0(X), and the two 
main reservoirs $24,000. Estimating the cost of the other resei'voir 
at $10,000, the total is $214,000. With this expenditure, only 10,713 
acres were reported in crops, making a cost per acre for wat^r of 
about $13, or 40 per cent more than in the cases above cited. Besides 
this larger cost, the land under the canal, op account of uncertainty 
of supply, has a relatively small value, dependent largely upon the 
success of the Sky Line Canal. If this and the reservoir system 



72 IRRIQATIOH NEAH GREELEY, COLORADO. [ko-I 

result according to the anticipation of their projectors, the lands m\\ 
be as valuable as those under other canals. The unfortunate con- 
dition of the North Poudre Canal has been mentioned on a pre- 
ceding page, its financial success being dependent largely upon the 
possibility of diverting some of the headwaters of Grand River into 
Cache la Poudre Valley, in a manner similar to that of the Sky Line 
Ditch. 

As to the cost of maintenance, it may be stated that the three prin- 
cipal canals of the valley employed each three riders, and there is also 
one man at the head and a general superintendent. The cost for 
supervision for the years 1893 and 1894, as reported by the river com- 
missioner for this district, was $17,502, and the cost of repairs for all 
canals having superintendents was $52,472. It is assumed that the^ 
figures relate only to the exx>ense8 of the canals and not to the laterals. 
Taking the length of the former at 333 miles and the area in crop as 
125,000 acres, the cost for superintendence and repairs per annum 
would be 28 cents per acre. 

AGRICULTURAL PRACTICE. 

Whenever sufficient wat.er is obtained and applied at the right times, 
the products of the lands within this valley are remarkable. Fertility 
is, however, maintained largely by a judicious rotation of crops. The 
best practice is that in which about one-third the area is kept in 
alfalfa, to be plowed under after two years' use as a meadow. Both 
the upper and lower ends of the valley are excellent for small grains 
and alfalfa, but the lower part is best for x)otatoes, and the upper for 
apple orchards, of which a great acreage has been planted within a 
few years. The more clayey soil of the upper end of the valley ren- 
ders it more ret-entive of moisture during the winter and early spring, 
and hence the trees do not suffer so much from dry winds and occa- 
sional hot suns as they do on more porous soils. Blight has been 
severe on all the fruit trees of the valley save plums, which do well 
everywhere in the State. 

. The farms of the Greeley colony under Canal No. 2, now known as 
Cache la Poudre Canal, are rarely smaller than 80 acres or larger than 
IGO. The latter is regarded as the better size for profitable farming 
if the owner does not get too heavily into debt. The interest at 8 per 
cent and the yearly payment of installments on a large farm are a 
heavy load even for this fertile valley, and are a fixed sum, while the 
profits are uncertain. The operating of the larger farms is more prof- 
itable from the fact that as much farm machinery is needed for the 
80 acres as for the larger tract. If the farmer is raising grain, alfalfa,* 
and potatoes, he needs three distinct lines of machinery. A good 
equipment of these and all kinds of implements needed to turn and 
stir the soil and move the crops will cost not less than $800. There 
is a much smaller proportionate investment for the larger than for the 
smaller farms. 
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The size of the farm which may be made the more profitable 
depends upon the man. If the owner is a good worker himself, but 
unskilled in handling men and in management, then the smaller farm 
will be best. Many men on an 80-acre farm have done well, made a 
good living, put up good farm buildings, and have money out on inter- 
est. Others have done equally well with 160-acre farms, one-half of 
which they went in debt for, while others undertaking this have lost 
all. 

APPLYING WATER. 

The farmer having his share of the water in his own little ditch 
carrier it to the highest point on his farm and leads it either along 
the side, end, or obliquely across in straight or curved lines, so as to 
keep it where it can fill the smaller ditches. By these the water is 
carried, if x>os8ible, to everj'^ square yard of the farm. Often much 
diking must be done on the farm, and before the lateral reaches it, so 
as fo get the main distributing ditch where it will cover the most 
land. These dikes are expensive to make and equally so to keep up, 
and are a source of perpetual annoyance and often of waste. A farm 
is to be preferred whose feeding lateral runs along one side and does 
not meander here and there. A farm with a sag anywhere in it, 
e8i)ecially in the middle, is to be avoided. 

The ideal surface for irrigation is one raised a little at one end or 
on one side. It should have a fall of from 15 to 25 feet to the mile, 
as uniform as possible, and in one direction. For an 80-acre tract 
the following conditions, if they could be realized, would be best: 
The upper shorter side should have a fall of about 5 feet to the mile 
for the feeding-head lateral, and the long direction a fall of 15 feet to 
the mile, with the lower short end having the same fall as the upper. 
It will be seen that the upper ditch, which is a quarter of a mile long, 
will have but a fall of 1^ feet, and a dam put into it at intervals of 10 
rods will make a difference of level of such a section of only 2 inches. 
If fifty rows of potatoes head into such a ditch and there is a suf- 
ficient volume of water in it to furnish a little stream for every row, 
it can easily be divert-ed into all at a time, since the diminished head 
will make up for the fall of level of the lower end of the bottom of 
the ditch, while, if the fall in this feeder was great, only a few of the 
rows close to the dam could be fed, and those unequally, without con- 
stant care and changing. This is the ideal surface slope for a potato 
field. Such tracts may be found north of Greeley and extending up 
to £aton. 

Such a surface is also desirable for grain or alfalfa, and to irrigate 
these crops by flooding, as is customary, the farmer has only to run 
through the grainfield or meadow a large double-moldboard plow, 
drawn by from four to six heavy horses, and penetrating to a depth of 
12 inches, throwing a bank to each side and leaving a clean ditch 
behind it. These ditches are usually put a hundred feet apart, and 
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plowed in before harvesting, bat in an alfalfa field they are left per- 
manently. At saitable intervals a canvas dam is put into the ditch, 
the pole to which the edge of the canvas is nailed supiK>rted on botii 
banks. The cloth lies in the bottom and on the edges of the ditch 
and is kept down by a little dirt put on the edge. The bank is cut 
on one or lx>th sides as desii-ed, just above the dam. 

The use of the canvas dam is illustrated in Pis. XVlil and XIX. 
The former view shows a man with a canvas dam in his hand ready 
to put it in the lateral flowing through a field of young alfalfa. This 
view was taken on September 20, 189C, of a field under the Larimer 
and Weld Canal, near the town of Lucerne. On the left and in the 
distance are shown stacks of wheat recently cropped from the field. 
PI. XIX shows the canvas dam in place turning out water for the irri- 
gation of a wheat field near Greeley. The stream, checked in its flow, 
is forced to find its way into the young grain. 

Little has been done in Cache la Poudre Valley in the way of level- 
ing the land preparatory to irrigation. This is necessary only with 
rolling land, and esiMjcially where there is but little fall to it. Even 
when the surface is quite uneven, if there is considerable fall, a 
farmer can generally lead the water over the higher spot-s, while when 
it is nearly level it can be got onto these spots only by diking the 
ditches that run through the field. These dikes within a field area 
nuisance, and in most cases it is better to level down the humps. 
For this sort of work various kinds of scrapers are used. 

If a field is level to start with, it is important to keep it so and 
not create artificial irregularities by cultivation. This is done if 
the plowing is in narrow "lands," the "back" and "dead" furrows 
proving a great annoyance when fiooding. To avoid these the farm 
should be divided into a suitable number of rectangular fields and 
each of these plowed out one year and in the next. The small rise or 
hollow where the corners occur will prove a slight annoyance, but 
the work of alternate years keeps the change of level within narrow 
limits. To not only keep the surface of his farm in good shape but to 
improve it is the care of every intelligent farmer managing an irrigated 
farm. The action of both plow and cultivator, if carefully directed, 
is to improve the level of the surface, and the irrigation of rowed crops 
contributes to the same effect. The loose material in the steeper 
parts of the rows is carried into slight depressions and left there, 
and in a few years these disappear. The perfect potato field is with- 
out such depressions, but a surface entirely free from them is rarely 
found. They are less objectionable in a cornfield, as a little flooding 
does it less harm than potatoes, and hence it is advisable to raise a 
few crops of corn at first in such fields, even if the crop is not profit- 
able. 

To raise a good crop of potatoes on a steep field requires great pains 
and ingenuity. If the surface is not wavy as well as steep, the rows 




^ w^ 



BOTD.] AOBICULTURAL PRACTICE. 75 

can be ran diagonally across the slope, so as not to give them too 
much fall, which will make the bottoms wash awa}^ and lower the 
wat^r surface, so that the rows are not moistened underneath. Some 
farmers run the rows directly down a steep slope, and in irrigating let 
a tiny stream trickle down between the rows for a day or two, and 
thus succeed in having the moisture penetrate the rows. To get the 
water to enter so many rows at once requires a very level head-feed- 
ing ditch, or the greatest pains and ingenuity in the way of checks to 
effect that end. 

In general it may l>e said that steep, rolling, irregular land is much 
less desirable in a country that is irrigated than in one where it rains, 
and such a farm should be avoided, however rich the soil may natu- 
rally be. Still, if the soil is a pretty stiff cla}', it may be irrigated 
without tearing it to pieces, even if rather steep; but in this case it is 
next to impossible to spread the water so evenly and thinly that the 
soil can absorb all that is applied, and hence usually a large portion of 
that used runs off into hollows and draws and is lost to the owner. 

ALFALFA. 

Alfalfa can be raised at a profit for $3 x)er ton in the stack in the 
field. The average weight of the crop is variously computed by those 
who make careful estimates at from 3 to 4 tons per acre for the three 
crops, and it costs from *1 to ♦1.25 per ton to put up the hay at the 
present reduced price of hands and haying implements. At these 
figures an income of *5 per acre can be safely estimated from land 
put down to alfalfa. Seed costing ♦l.oO will sow an acre. It is now 
usually seeded with the spring-sown grain, and if one does not want 
to plow it under for fertilizing purposes, a stand will last twelve 
years or more. 

These figures differ widely from those given in Arizona and the 
Pecos Valley, New Mexico, where crops of S tons per annum and 
prices of ♦lO per ton are claimed. From personal observation the 
alfalfa fields near Phcenix, Arizona, do not show such luxuriance as 
those of Cache la Poudre Valley. In considering the price of alfalfa 
ha}' the true test is what it is worth to feed on the farm, and not. its 
temporally local price when a countiy is being opened up. Such is 
the productiveness of this plant that if any considerable area is 
brought into cultivation the local market is soon glutted. Thus the 
only safe basis of price is it« feeding value and the probable perma- 
nent selling price of the meat produced from feeding it. 

By adhering principally to alfalfa raising and stock feeding, it will 
be seen, a fair rental can be expected from land, and *40 per acre 
would be a conservative price for such land. Large tiacts of land can 
be handled econotnically by one management if alfalfa alone is made 
the crop, and hence men who jiossess farms of considerable size are 
drifting into this crop and find it more profitable in the long run than 
renting in small tracts for mixed husbandry. This latter praotico ia 
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sore to nm down a farm in a few years, while alfalfa farming at 
once keeps the land clean and increases its feitility amazingly. The 
best and most profitable farming here is done by men who own a 
moderately large farm and practice a mixed husbandry. 

POTATOES. 

Potatoes are nsnally planted after plowing nnder alf al&L Two crops 
can then be successf ally prodnced. Some farmers raise the two crops 
in succession, while others raise a wheat crop between. The former 
is the better way, as the land is nsoally too rich for the wheat if only 
one iK)tato crop is raised. Besides, it often happens that the raising 
of one potato crop does not entirely kill the alfalfa, in which case it 
comes up in the wheat next year and smothers it, making it difScalt 
to har\'est. Usually the second crop of potatoes is the better, as there 
is likely to be a larger stand than when so much growth of roots and 
stubble are tume<l under and partly mixed with the soil, since the 
latter dries out rapidly from the free circulation of the air admitted 
by this light material. 

The breaking of a well-set alfalfa field is no trifling matter. It 
may l)e done with three heaA^y horses, but it is hard work for them, 
and they will not be able to break more than 1 acre a day. The 
writer prefers using five heavy horses — ^three in the lead and two on the 
end of the beam. They can go right along and plow 2 acres a day. 
Alfalfa roots are very large and strong when the plants have attained 
a full growth. They -give a jerky motion to the plow and it makes 
hard work for horses' shoulders. A cast-steel plow is used, and the 
share is so tempered that a file can just cut it. It is hammered out 
thin at the blacksmith's shop when it gets too thick to file Easily. 
The reason for filing, rather than using the hard, thin edge, as in 
other plowing, is that the edgelieeds to be rough as well as thin, or 
the roots will slip along the sloping edge of the share and not enl 
well. In breaking, the plowing is done from 6 to 8 inches deep. In 
plowing stubble the practice is to get down about 10 inches. 

If water can l>e had, it is better to irrigate the alfalfa field before 
plowing. It will be dry enough to plant in three days if it has not 
rained meantime. It is usual to harrow down or run over vrith a 
I)acker and leveler daily, so as to retain the moisture as much as 
jKWHible. 

The planting is now done with an Aspinwall planter, which maybe 
regulated to plant from 11 to 23 inches apart. Good seed is indis- 
pensable, and is often hard to get. Under our forced cultivation the 
1 libera deteriorate rapidly in form and vitality. Often the sprouts, 
when they start in the spring, are no thicker than knitting needles. 
A thin, weakly stand is sure to follow from the use of such seed. 
See<l is shipped in from sections where they are grown by natural 
ralntaU, In 1890 a carload was obtained from the divide lying 
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between Denver and Colorado Springs, a high region where the rain- 
fall exceeds that of the plains, and where it suffices in spots here and 
there to produce a moderate-sized crop without irrigation. A new 
supply of seed seems to be needed about every three years to keep 
the stock in good shape, but much can be done by careful selection 
of home-grown seed. Storage in a comparatively damp cellar or dug- 
out is now believed to keep up the vitality of the tubers better than 
storage in a very dry cellar. The latter tends to induce dry rot by the 
time the planting is being done, which is from May 15 to about 
June 10. 

Early planted potatoes usually do not thrive well in this climate. 
The soil is too hot in July for the tubers, and if an attempt is made 
to keep down the temperature by frequent Irrigation, the vines usually 
blight, turning yellow, both stem and leaves gettin^^ stiff. It is better 
to delay all irrigation until about the first of August, when the vines 
are beginning to blossom and the small tubers are beginning to form. 
August is much cooler here than July, the nighte are longer, and 
there is more light rainfall and cloudy weather, all of which are aids 
to irrigation. 

Soon after planting and before the potatoes come through, they are 
cultivated as deei) as the ground is plowed with a two-horse cultivator, 
the soil being thrown onto the rows. The cultivator is followed by a 
fine-toothed harrow, nearly leveling its work but destroying all weeds 
and leaving the ground mellow. Two more cultivations are given, 
the last one throwing up the earth around the plants. This cultiva- 
tion is followe<l by running through either a large single shovel with 
wings or a lister which makes a clean continuous ditch, but not quite 
down to the depth of the plowing. The top of the ridge is from 10 to 
12 inches above the bottoms of the furrows. 

By about August the vines have made a fair growth from the mois- 
ture stored in the soil and the light rainfalls. The roots have spread 
beneath the surface in the soil moved by the plow, and many of them 
have penetrated the unmoved soil in search of water. This is a 
healthy and thrifty movement on their part, an<l they are in a good 
position to utilize the moisture furnished them by irrigation. Water 
is allowed to flow gently lx*twoen the rows, a larger stream l>eing 
allowed to enter the rows when the land is level, so as to force it 
through, but if steep, it must Ix?! allowed to flow long and slowly on 
account of washing, and the irrigations must be repeated oftener. 
On level land two irrigations are usually sufficient, while four are 
none too many where the ground is steep or where it is very porous. 

No rules can lx» given alwut the frequency of applying water except 
the general one that the soil in the rows should not be allowed to dry 
through and through so as to arrest the growth of the tubers. If this 
happens, then they t«ke a new start when water is again applied and 
throw out knobs and become abnormal in form. 
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The main crop is harvested from October 1 to October 25. Some 
medium early ones are taken up all through September, bnt these are 
usually too unripe to keep long. The Dawden Digger is mostly used 
(see PI. XX). It requires a man and four heavy horses to run it, 
and if kept going t^^n hours can dig 5 acres. The picking is paid 
for by the sack, which holds about 115 pounds. The price now is 
about 5 cents, which includes sorting and sewing. A sorter is mostly 
used, a horse dragging one along for four pickers, with one man to 
shake it, set off full sacks, and put on empty ones. These will keep 
a man sewing. If the potatoes are good, these six men will pick, sew, 
and sort 250 sacks per day. These on an average can be had from Sj 
acres if the crop is after alfalfa, but no such average is obtained from 
all the acres planted, even in the best potato district. The most 
experienced and careful men sometimes fail to get even a thrifty 
stand, and as much poor land, or steep and uneven land, is planted, 
the general average from all planted in the valley will not exceed 60 
sacks to the acre. 

It takes about two men and a team to haul in and store the 250 
sacks, which are put away in the dugouts on the farms, the sacks 
being laid on their sides and piled up about eight deep. Many sacks, 
however, are disposed of at the various railroad stations, being either 
sold and shipped away or stored at the potato warehouses. 

PI. XXI is a view of the potato dugout of Mr. H. B. Eaton, in the 
town of Eaton. It is excavated about 3 feet deep, and earth put on top 
and at sides. Teams drive in and out on a gentle incline. Capacity, 
about 20,000 sacks of 2 bushels each. 

To operate such a digging outfit requires 7 horses and 9 men. 
Calling the services of 7 horses equal to 3 men, we have an average 
of 25 sacks per man, or nearly 50 bushels dug, sorted, sacked, sewed, 
and put away in the dugouts. 

Sometimes the potatoes are taken up unsorted and stored away in 
bulk in the dugouts. In this case, about a bushel is put in a sack, 
which is neither tied nor sewed but piled onto the wagons and then 
dumped into shoots from the outside. The sorting is then done in 
the winter and spring. The sacks cost about 4^ cents by the thousand. 

For the last five or six years the price of potatoes has not exceeded 
75 cents i)er hundred x)ounds, while in 1890 it was only 25 cents. They 
are now worth from 50 to 60 cents. The crop in 1896 was short, not 
much more than half that of 1894, because of very dry, hot weather in 
the early part of the season i)reventing a good, thrifty st4ind and \ig- 
orous growth before irrigation was commenced. 

In general it may be said that the crop can be raised at a profit in 
an average year for 50 cents per hundred, sacked and delivered at the 
depot. The outfit of tools, including alfalfa breaking-plow, harrow, 
cultivator, planter, digger, and sorter, costs about $300. The digger 
is a short-lived machine, and needs, on about an average, $10 per 
annum for repairs. 
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In several years after the colony settled here there was a home mar- 
ket, and hence a high price, as the competition was between those 
raised here and those shipped in. But gradually the supply l>egan 
to more than meet the home demand, and shipments had to be 
made into the towns on the Missouri River and into Texas. Here we 
came into competition with potatoes raised in Iowa, Minnesota, Wis- 
consin, Arizona, and sometimes Utah and California. Still, compared 
with those localities that do not irrigate, with which we come in com- 
petition, we have the advantage in a dry and hence scarce year, when 
the price is high. The size is larger and the quality usually better, 
and therefore we get a higher price in the same market, say by from 10 
to 20 per cent. Hence we are likely to keep on raising large quantities 
of potatoes in this region and at fairly remunerative prices on the 
average. But the days for making large profits have gone. 

UNDERGROUND WATERS. 

The percolating waters of the valley are of considerable importance, 
although relatively small in quantity compared to the amount flowing 
on the surface. The matter of seepage water has been fully discussed 
by Prof. L. G. Carpenter.* There are, however, a number of matters 
in connection with the character of water and the means of bringing 
it to the surface that are of importance not only in this valley, but 
elsewhere. 

ALKALINITY OP SEEPAGE WATERS. 

Seepage waters are nearly always heavily impregnated with alka- 
line salts, and storage increases the percentage of these deleterious 
constituents. If a reservoir is only 15 feet deep, there would be dur- 
ing the summer over one-third evaporated. As the salts held in solu- 
tion do not escape, the water in the reservoir will be far more saline 
than it was when received. If the water stored comes from the river 
near its head and has been but little mixed with the return seepage 
always impregnated with salts or alkali, its storage will not materi- 
ally injure it for irrigation. 

The effect on soil using alkali water exclusively is soon made visible 
by efflorescence on the surface. Hence it is prudent to use stored 
water alternately with that brought direct from the river by the 
canals. Then when the drainage is good it may be expected that 
sufficient quantities of these soluble mineral constituents will pass 
off, leaving the soil comparatively free. The lower, older canals are 
making on this ground objection to exchanging the river water for 
the reservoir water in the manner described on page 60. This is a 
serious question; for alkali is easily developed and with difficulty 
removed. There is practically no way of removing it but by procur- 
ing good drainage and applying plenty of fresh water to the surface, 

1 Oolonido Agrioiiltiiral Kzperiment Station Bulletin, No. 33, Seepage and Betnm Waters from 
irrifffttkii, bj L. G. OMrpenter, Jannanr^ 18M- 
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in this way dissolviup: and carn'ing off a share of it through the under- 
drainage. Surface flooding with fresh water will also help, but there 
must l>e goo<l tlniinage, natural or artifieial, or the land will be ren- 
deitid loo wet to rais<* a eroi). 

Little siieeess has been made in riHrlaiming the wet alkali land in 
Cache la Poudre Valley, the most notable attempt being at the Agri- 
cult unil College near Fort Collins. Here a swamp, made bo hy seep- 
age water, has 1>een deeply underdrained with tile, and the land now 
bears good crops. The writer undertook some work of this kind, which 
proviHl a failure l>ecause the tile were not laid deep enough to reach 
the sand or gravel, the chief outlet for the water that peroolated 
through the soil. This is about 7 feet fn>m the surface, and to tile 
land at that depth would (*ost more than the land is worth. 

The drainage of the town sites of both Greeley and Fort Ck>llinA is 
of interest in this connection. When these towns were settled, there 
was n(» trouble in getting a dry cellar. After irrigation had been 
going on some three or four years, water commenced to rise in the 
cellars. In some of the lower x)hK*es it showed itself even on the sur- 
face. Both towns are underlain with a deep gravel stratum, which it 
was believe<l would give a perfect drainage. The quantity of water 
applied in irrigating lawns espe<'ialiy, and by the great number of 
small ditches running nine months of the year, was more than the 
gravel could carry away, and so it Ijegan to force it«elf to the Borface 
where lowest. 

The town of Greeley first laid a deep drain on one side of Main 
street, extending to the river on the ctist and to the city limits on the 
west. It was put down 3 or 4 feet into the gravel. Sewer tile 18 
inches in diameter was used without cementing the joints. This soon 
reduceil the water level in the soil. There was a row of large trees 
along the side of the street whose rootlets penetrated the jointB of the 
pilK) and nearly fille<l it. This was all taken up and a larger pipe (at 
the lower end 2 feet) put in and the joints cemented, except at inter- 
vals of 2()0 feet, wheni manholes were left to let the water in and at 
which place the roots could be rcniove<l as occasion required. One 
cross drain was also put in, and now the drainage is satisfactory. 

In the district immediately west of Gi*eeley, and l>etween its western 
]K)undary and Canal No. 3, water l>egan to rise in the cellars, andaboat 
September 1, 18'J5, ajjpeared on the surface a short distance west of 
the end of the town tile drain above descril)ed. The cause of this 
was traced to the removal from the bottom of the canal the winter 
b(?fore of the accumulate*! sand for the purpose of making mortar. 
When the water was let into the canal the spring following this 
r(»moval, it was ascertaine<l that several hours were required fprthe 
moderate volume to jiass this disturbed area, llie bottom of the canal 
is here a quite coarse gravel, allowing water to go through it like a 
sieve. The water could not be carried off by the drainage of the land 
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below as fast as it went in. Prof. L. G. Carpenter ^ of the Agrionl- 
tural College, states that a measurement of the amount of waterin the 
ditch was made October 16, 1895. The quantity in the canal decreased 
from 25.86 second-feet above the place where the sand was removed to 
20.80 second-feet a little distance below, or a loss of 5.06 second- feet. 
The total distiince between the two measurements was about 760 feet. 
The total area of surface was about one-half acre. This would be 
equivalent to the discharge into the area wetted by the canal of the 
quantity covering it to a depth of 21 feet in twenty-four hours. 

After the water was turned out of the canal, the cellars became dry, 
remaining so during 1806. Two years after the canal was originally 
constructed the same rise of the water in the soil was observed, but it 
disapi>eared after the sediment had coated over the surface of the 
gravel. The same effects of excessive percolation have been observed 
below canals of this district where the slope is so steep that the bottom 
is kept swept by erosion. When a check is put in, causing sediment 
to gather behind it, the percolation lessens or altogether disappears. 

The drainage water of the city of Greeley is mingled with a limited 
quantity of sewage, which enters at the lower end of the discharge 
drain. This is carried across Cache la Poudre Creek in a wooden 
flume and is used for the irrigation of a market garden of about 200 
acres. The quantity is approximately 5 second-feet up to about the end 
of the irrigation season, when it is more abundant. This drain affords 
an indication of the periodical fluctuation of underflow due to a 
change from ample irrigation to cessation. The strip irrigated is 
narrow, the c^inal not being more than from 1 to 1^ miles from the 
river, and the gravel bed deep and of coarse material. 

PUMPING UNDERGROUND WATERS. 

Nearly all of the water found in the soil and gravels comes from 
the percolation following irrigation. This is proved by the fact that 
the early wells dug in the valley often penetrated gravels without 
finding any water until the rock was entered. P^or instance, on the 
farm of the writer, in 1880, when the Larimer and Weld Canal was 
being built, a well was put down through 25 feet of soil, 25 feet of 
gravel, and 25 feet of shale rock. Here a thin layer of sandstone was 
found, yielding a small supply of hard, alkaline water. This well 
wsis about 6 miles north of Greeley, and its bottom was above that of 
the river, due south of it. Along the river bottom, which averages 
about l^ miles wide, water is found about on a level with that in the 
river, the sand and gravel underlying the soil admitting of its easy 
passage to and from the bed of the stream. The dip of the rock 
strata is toward the stream and slightly to the east. 

The water in this well did not rise, indicating that there was no 

s Seepage or Betnm Watera from IxrlgatioD. L. G. Caii»eiiter, BulL 88, Ck>lonidoAgrioaltanU 
Bsperiment Btation, Janoarj, 18M, pp. 49 and fiO. 
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pressure, or that the rock overlying this water-bearing sandstone was 
not impervious or water-tight, which was perhaps also indicate hy 
the alkaline constitution of the water. Aft^r irrigation had been 
going on for two years, the water began to rise in the well, filling it 
up to the top of the roc^k and then gradually rising through the 25 
feet of gravel. In five years from the digging of the well, the water 
stood within 25 feet of the surface, where it remains with but scarcely 
perceptible fluctuation. This is an example of what took plac*e 
everywhere on the bench land, varied by the different conditions and 
depths of soil, gravel, and rock. 

In Lone Tree Valley water was found at the bottom of the under- 
lying heavy gravel bed, and an abundant supply is to be had above 
the Larimer and Weld Canal at a depth of 17 feet. The same condi- 
tion occurs on Owl Creek, a branch that comes from the northeast. 
At Carrs Station, still farther north, on Lone Tree Creek, the water 
flows out at several places, presumably forced to the surface by the 
bed rock. At this latter point some small ditches furnish water to 
irrigate a few acres. Two wells, one pumiced by steam and the other 
by a windmill, supply water for the irrigation of small tracts of land 
lying above the line of the ciinals. 

Lone Tree Creek issues from the foothills at Granite Canyon, Wyo- 
ming. From there to the point where it ends in the Platte, at the 
mouth of the Poudre, is 75 miles. The watershed or catchment area 
has an extent of 536 square miles. The water found in the wells is 
quite soft, indicating that its origin is near the head of the creek. As 
the soil overlying the gravel is heavy clay, it is probable that but little 
of the rainfall penetrates it to any considerable depth, and is either 
evaporated or runs off from the surface into the bed of the creek. 
The surface run-off is an intermittent flow, but keeps its channel well 
defined. 

In striking contrast are the conditions in this valley below the point 
where the Larimer and Weld Canal crosses. A short distance down 
the water flows permanently in the bed of the ci*eek to such an extent 
that three or four small canals are taken from it. This water, unlike 
that usually seeping, is also (juite soft, probably for the reason that 
the layer of soil above the gravel is thin, usually about 3 feet, and 
hence can furnish but little alkali to the water that percolates through 
it. The canal above is <ioubtle8S the principal source of the added 
underground water, since the bottom of its excavation must be near 
if not at the top of the gravel. 

Two extensive pumping plants belonging to Andrew W^ilson are 
located in Lone Tree Valley. The fii'st is about 5 miles below the 
crossing of the Larimer and Weld Canal and 150 feet away from the 
creek channel. The depth to water here was 8 feet, and the well, 
12 by 12 feet wide, was put into the water 10 feet. The well is cased 
with 2-inch plank, and was dug by machinery o|)erated by a steam 
engine. The cost of well and two pviYaom^tiftr steam pumps was $1,200. 



BOTD.] UNDEBQBOUND WATERS. 83 

The pumps raised a flow that, passing over a weir 2 feet wide, meas- 
ured 5 inches deep. From this well in one year there were irrigated 
240 acres, one-half in wheat, the other in potatoes. It took about 1 
ton of coal per twelve hours, which cost at the Eaton mines, 2 miles 
distant, ♦1.50 per ton. The pump was operated niglit and day for 
al)out thirty days each season. This plant was erected in 1888, and 
the pulsomet^ir pump was replaced in 1893 by one (»entrifugal pump 
operal<3d by an engine, (»ach costing ♦4(X). This is an improvement 
on the two pulsometei^s. 

In 1892 Mr. Wilson put in another ])umping plant, mucli more 
extensive, 2 miles farther up the creek. The well was i>ut in a bend 
of the creek 93 feet from its bed. It is 12 feet by 12 feet wide and 27 
feet in depth. Water here was found within 3 feet of the surface. 
The well cost iSOi), and the pump, engine, and boiler <?1,700 more. 
Tlie boiler is BO-horeepower, engine 35-hoi'sepower. This pump, 
when operat<>d constantly, can h>wer the water in the well 18 feet, 
leaving 6 feet still in the bottom. The pump is centrifugal and can 
in forty-five days raise enough watei* to irrigate 320 acres. It requires 
about 2 tons of coal a day. The coal is obtained at the same price 
and distance as in the first case. The owner considers this much 
cheax)er than the purchase of rights in the Larimer and Weld Canal, 
in which, if obtainable, the cost is $2,000 per 80-acre water right from 
the canal and l?800 per right for reservoir water, making an invest- 
ment for water for the 320 acres of $11,2(K), as against 82,500 for the 
pumping plant. The expense of operation is considerably more, but 
not enough to equal the interest on the difference of capital invested. 

The privilege of pumping wat/cr from his own land has not been 
continuously enjoyed by the owner. In the summer of 1895 he was * 
restrained from pumi)ing at tlie instance of parties who are diverting 
wat^r from Lone Tree Creek below his plant. His pumps were 
stopped by the order of the district court about tlie middle of the 
irrigation season. He had already lx»en through the courts in con- 
nection with his lower plant, and the case had been <lecided in his 
favor in the court of appeals at the spring term of 1893. This legal 
controversy is of general interest to those engaged in irrigation in 
the arid regions. 

The district court* in the first case instructed the jury iis a matter 
of law "that wat<3r whicli i>erc<3lat<3s througli the soil, without an evi- 
dent and well-known channel, is regarded as a part of the land and 
belongs to the owner thereof, and he may make such use of the 
water as he sees fit while it remains on or under his land; second, 
that digging wells close to a stream, so that the waters of the stream 
necessarily i)ercolat«s into such wells, thus diminishing the water 
previously appropriated, is but doing indirectly what the law forbids 
being done directly, and will not be allowed." 

The verdict was for the defendant, because the evidence did not 
appear to the jmy to prove that the pumping lessened the ^<y« xs^ 
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Lone Tree Creek. The court of appeals sustained the verdict 
"because the evidence was so vague, conflicting, and indefinite.'' 
But the court criticises the first instruction to the jury cited above in 
this fashion: 

It is probably safe to say that it is matter of no moment whether water reaches 
a certain point by percolation throngh the soil by a subterranean channel or by a 
snrfa<;e channel. If by any of these natural methods it reaches the point and is 
there appropriated in accordance with law, the appropriator has a property in it 
of which he can not be divested by the wrongful diversion of another, nor can 
there be allowed any substantial diminution. To hold otherwise would be to 
concede to snperior owners of land the right to all the sources of supply that go 
to create a stream, regardless of the rights of those who previously acquired the 
right to the use of water from the stream below. Strictly and technicaliy, the 
instruction should not have been given. There were no facts in evidence upon 
which it could properly be based. But in view of the fact that nearly all the 
evidence was directed to the question of whether the water supply was diminished 
by the acts of the defendants, the finding of the jury that it was not renders the 
instruction harmless. The other instruction (No. 2) given by the court appears 
to embrace and clearly state all the law of the case. 

The ditc^h owners apparently made two claims, one for the water 
visibly flowing in the channel of the stream and one for a part of the 
water in the gravel below, which they aflirmed they had forced up by 
means of a dam sunk in the bed of the channel at the head of their 
ditch. The testimony went to show that the pumping did not reduce 
the visible supply, and it was not proved how much the invisible sup- 
ply was affected. From the nature of the situation it can be seen 
that no temporary shallow dam could raise and force the subterranean 
water into the head of the ditch, which was about G feet above the 
water table. 

The valley at this place is 2 miles wide, and the depth of the under- 
lying gravel is about 30 feet. Even if a comparatively wide dam 
were put into the creek down to bed i*ock it could not force the water 
table to rise except to a very limited extent and not to approa<;li the 
height necessary to enter the head of the ditch. The water after 
being elevated a few inches behind the dam would undoubtedly move 
around its flanks in the surrounding gravel. In regard to this aspect 
of the question the court said : 

In the case of a running surface stream the question of appropriation is of easy 
solution; but not so in a sunken stream, particularly where the water is at an 
indefinite distance below the surface. Under such circumstances it becomes at 
once apparent that to appropriate and utilize the water an impervious dam most 
be constructed and carried down to an impervious base to stop and retain the 
subterranean water and raise it to the ditch. Whenever such adequate provision 
is made, any act diminishing the quantity that would naturally reach the dam and 
add to the supply up to the limit of appropriation, whether by diversion upon the 
surface, the sinking of wells, and using pumps or otherwise, would be action- 
able. * * * It is in evidence that the plaintiff had constructed a dam across 
the stream to supply his ditch, but there is nothing in regard to the character of 
the dam. * * * The efficiency of the dam to stop, retain, and apply the sunken 
water abould have been shown, for \£ tihe ^«AAt found and taken by defendants 
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by Binking w^ls and pmnping wonld, in its natural conne, have passed under the 
dam [and he might have said around it] the available supply could not have been 
materially diminished. 

The second ease involved both wells, but has more pertinence to the 
upper one, which is much deeper and placed in a bend of the creek 
where the water was near the surface. In this case it was shown that 
the pumping decreased the visible supply in the creek above the heads 
of the ditches. 

On hearing the question of making permanent the temporary injunc- 
tion which he had granted, Judge Jay II. Bouton, of the district court, 
said : ^ 

This is a case of great importance to all parties interested, and has been com- 
menced at a very critical season of the year, and that is the reason why I thought 
it should be determined on its merits now. To my mind there is but one question of 
importance in this case, and that is as to whether the defendant, by the construction 
of these wells in Lone Tree Creek or its valley and the pumping of water therefrom, 
has diminished the flow in Lone Tree Creek so as to deprive plaintiffs of water to 
which they were justly entitled under their decrees as entered in this district; and 
perhaps preliminary to that is the question as to whether it is a well-defined 
stream, the water therein flowing in a clearly marked channel, either regularly or 
intermittently, from which the plaintiffs were entitled to their decrees of priori- 
ties. I am clearly satisfied from the evidence that both of these propositions must 
be answered in the affirmative. The testimony introduced on behalf of the defend- 
ant, standing alone, sufficiently establishes the fact that there was a considerable 
diminution in the volume of water running in Lone Tree Creek after the defend- 
ant's pumxM were operated, produced evidently by sinking and pumping of water 
to irrigate his land. If that is true, then he has no more right to sink these wells 
below the level of the ground, or l)elow the surface of the stream, and thus pump 
from the stream than he would have to take it directly from the bank [bed] of 
the stream for the same purpose by means of the construction of ditches. Of this 
proposition I have no doubt whatever. The motion to dissolve the injunction 
heretofore granted is denied. 

It has been held by the court that if, as the result of pumping on 
one's own land, it can be proved that a surface stream is diminished 
to the detriment of one who has a prior right to the use of the water, 
it ^ill not ])e allowed, no matter how the stream is fed — that is, whether 
it derives its water in part from percolation from the estate of the one 
employing the pumjling plant or not. This reverses the doctrine that 
water mingled in tint soil l)elow the surface is part of the est-ate — 
the fluid substance being as much a part of the soil oh the solid por- 
tion. In tliis case the true derivation of the wat<>r is not hani to 
trace. It is due both to the water flowing at the bottom of tlie gravel 
which underli<»s the valley and Uy tlie percolation from the Larimer 
and Weld Canal and the lands irrigated therefrom, and not to rain- 
fall on the lands of the immediate vicinity. In consequence of this 
ruling there must l)e a great loss to this valley of wat^^r for irrigation. 
The quantity secureil by ditches is insignificant compared vrith what 
could be pumped. The bed of the creek is nearly on a level with the 
top of the gravel bed, and hence can receive into it« channel but a 

> Third Oolonido Oonrt of Appeals, 430, and 83 PiMdflc Rovotcta^iSif^ 
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very small portion of the underground water that is slowly moTing 
along to ultimately make its api>earance in the bed of Platte River. 
Beginning in 1888 there was considerable activity in erecting pump- 
ing plants. A building was put up to manufacture what were 
known as the Iluffer pump and the Nye pump. These, after trial, 
have been cast aside for the reason that the pumps did little work 
for the fuel consumed. They were simple in construction, and hence 
cheap, but they were of primitive design, dating back to the infancy 
of the applicaticm of steam to mechanical purposes. The Swan hot- 
air pump, deviscil by one of the men pmminent in promoting pump- 
ing and the manufacture of the pumps above referred to, is perhaps 
as economical as any in the market. One of these has been erected 
on the banks of Cache la Poudre Creek, near Greeley, pumping out 
of the river for the irrigation of adjacent lands of II. E. Churchill. 
This was asserted to have a capacity of 1,000 gallons a minute, or 
about 2^ second-feet. The l)oiler was so constructed that it could 
burn coal slack, which cost about $2 a ton laid down, about a ton a 
day being required. Under usual conditions it probably lifted steadily 
1^ cubic feet per second to a height of 15 feet. It was used three 
years, but was discontinued in 1896, the reason being given that the 
land cultivated was of poor quality and did not pay expenses, the 
price of produce being so low. Another of these pumps, raising water 
30 feet, was used by J. D. Miller on his farm in connection with canal 
water when the latter was scarce. 

ARTESIAN WATER. 

As the lowest part of the valley — that at Greeley — is in the Fox Hills 
formation, there is little hope of striking the Dakota at ni(xlerate 
depths if the Cretaceous formation here is as thick as reported. R. C. 
Hills gives the average thickness of the beds lying between the Tiara- 
mie and the Dakota at 3,5(K) feet. The latter sandstone <)utcn)i)S 
behind the hogbacks near Fort. Collins. 

In spite of discouragements a project was started in 1883 to put 
down an artesian well in Greele3^ Swan Bros, took a contract for 
drilling 800 feet. Blue shale was struck at 40 feet. No water was 
found at 800 feet that would overtlow, and the work was i>rosecuted 
to 1,150 feet, when a fine bluish-gray sandstone was struck. The flow 
was quite weak, and it was decided to go farther to see if a better 
flow could be obtained. A depth of 2,3(K) feet was reached and no 
other flowing water was found. 

Six others have l)een put down to this 1,150-foot water, all of which 
gave a weak flow until pumping was commenced in one, when the 
water ceased to flow in all the others. The water rises to within 40 
feet of the surface. Tlie cost of these wells to the depth of 1,150 feet 
is about *2,500. The water is distributed by pipes to the different 
parties that have put down the wells, and is highly valued for wash- 
ing purposes. It is not hard, but couta.ins matter distasteful to most 
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I>eople. It was once regarded as medicinal in its properties, but now 
seems to have lost this reputation. The stratum of sandstone from 
which the water comes is about 25 feet in thickness, and on account 
of its fineness and hardness yields but a small flow. 

Both in Greeley and in the country around it wells have lately been 
sunk into rocks believed to be of the Fox Hills formation. Soft water 
lias been obtained, wjiicli, however, in no case rises to the surface. 
In Greeley the rock furnishing this watet* is struck at from 75 to 00 
feet, and the water rises to within some 40 feet of the surface. 

About 8 miles north of Greeley and 1 mile north of the town of 
Eaton an experimental well was put down by B. II. Eaton. The fol- 
lowing account was obtained from the contractor. Dr. Swan: Above 
bed rock were 85 feet of soil and gravel. At 250 feet open, porous 
sand rock was found 30 feet thick, and in it a great abundance of soft 
water which rose to within 28 feet of the surface. At 450 feet a simi- 
lar formation was found and the water rose to the same level. After 
this were shales and sandstones to 025 feet, but no overflow. At 
625 feet blue limest<me, G feet thick, was struck. The work was con- 
tinued to 070 feet, but with no more sandstone nor water. 

On the farm of the writer, about 3 miles south of the above, a well 
was put down in 1804 to a depth of 205 feet. Of this 55 feet were in 
soil and gravel to bed rock, the gravel being full of water to the top. 
Next l>elow was a thin shale with coal indications; then a deep layer 
of sandstone, 80 feet thick, with plenty of hard water; then 40 feet 
of shale, underlain by 30 feet of sandstone, containing water, also 
hard; then 20 feet more of shale, when the sandstone Wiis struck, 
which now yields the supply pumped from the well. The sand rock 
is very hard and (*lose grained, and yields a small supply. The water 
comes to within 70 feet of the surface, but settles rapidly when 
pumi)ed. There is 170 feet of G-inch iron piping in the well. The 
total cost, i)ump and all, was alM)ut ^500. Half a mile southeast of 
this well another was i>ut down in which an abundance of soft water 
was found at the depth of 100 feet. 

Al>out twenty wells have been put down around the above two 
named within a radius of 3 miles. They vary so much in depth and 
in quality of water in the <lifTerent sands as to lead to the inference 
that tliis country is nnu^h broken by faults and that at places the 
seepage water from the surface gc»ts into the sandstone. In all the 
cases so far fairly soft and good drinking water is found in some of 
the sandstone strata and at a moderate depth, but the pressure in no 
instance is sufticient. to make tlie water overflow, although it rises to 
var^'ing depths from tlie surface. 

These wells cost from *200 to *500 each, but furnish the best of 
drinking water, and have much improved the health of the localities 
where they are situated, especially in immunity from typhoid fever, the 
most fatal disease of this rejgion. None of these deep wells have been 
put down more than 2 miles west of a line joining Eaton and Greeley « 
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